TITLE OF THE INVENTION 
An Optical Transceiver, a Multiplexing Integrated 
Circuit, a Demultiplexing Integrated Circuit, an Integral 
Multiplexing/Demultiplexing Integrated Circuit, and a 
Method for Evaluating and Testing the Optical Transceiver 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical 
transceiver that time-multiplexes an inputted electric 
signal, converts the electric signal into a light signal, 
and output the converted signal, and that converts an input 
light signal into an electric signal, demultiplexes the 
light signal, and output the demultiplexed signal. In 
addition, the invention relates to a multiplexing 
integrated circuit, a demultiplexing integrated circuit, an 
integral multiplexing/demultiplexing integrated circuit, 
which are used for the optical transceiver, and a method 
for evaluating and testing the optical transceiver. 

Description of Related Art 

Fig. 19 is a block diagram illustrating a 
configuration of a typical high-speed optical transmitter- 
receiver (hereinafter referred to just as a "transceiver") , 

which is shown in, for example, a document, "MUX/DEMUX 

-H 

built-in 3.3y operation 2.5 Gbit/s optical transceiver" by 
Suzuki, and others, 1998, The Institute of Electronics, 
Information and Communication Engineers, Society meeting, 
preprints B-10-70, P392 . In Fig. 19, a reference numeral 1 



denotes an optical transceiver; 2 denotes a low-speed 
parallel input interface (I/F) for receiving a parallel 
data signal inputted from outside of the optical 
transceiver 1; 3, a multiplexing circuit (MUX) for time- 
multiplexing the parallel data signal inputted to the 
optical transceiver 1; 4, an electricity-light converter 
(E/O) for converting an output electric signal of the 
multiplexing circuit 3 into a light signal; 5, a 
transmitting unit comprising the multiplexing circuit 3 and 
the electricity-light converter 4; 6, a transmitting side 
path (TX) comprising the low-speed parallel input interface 
2 and the transmitting unit 5. 

In addition, in Fig. 19, reference numeral 7 denotes 
a light-electricity converter (O/E) for converting a light 
signal, which is inputted from outside, into an electric 
signal; 8 denotes a demultiplexing circuit (DEMUX) for 
demultiplexing an output signal of the light-electricity 
converter 7; 9, a receiving unit comprising the light- 
electricity converter 7 and the demultiplexing circuit 8; 
10, a low-speed parallel output interface (I/F) for 
outputting an output parallel signal of the demultiplexing 
circuit 8 to outside; 11, a receiving side path (RX) 
comprising the low-speed parallel output interface 10 and 
the receiving unit 9. 

Figs. 20, 21, and 22 are diagrams illustrating first, 
second, and third methods for evaluating and testing the 
optical transceiver 1 respectively. However, components 
inside the optical transceiver 1 are omitted. In Figs. 20, 
21, and 22, reference numeral 12 denotes an optical 



transceiver implemented substrate on which the optical 
transceiver 1 is placed; 13 denotes input electric wiring 
on the optical transceiver implemented substrate 12, which 
is used for inputting a parallel electric signal from 
outside to the low-speed parallel input interface 2 of the 
optical transceiver 1; 14 denotes output electric wiring on 
the optical transceiver implemented substrate 12, which is 
used for outputting an output parallel signal from the 
optical transceiver 1 to outside of the optical transceiver 
implemented substrate 12. 

In addition, in Figs. 20, 21, and 22, reference 
numeral 15 denotes a first optical fiber for outputting a 
light signal from the transmitting unit 5; 16 denotes a 
second optical fiber for inputting a light signal to the 
receiving unit 9; 17, a light measuring instrument that has 
a pseudo-random pattern generating function (PN_G) and a 
pseudo-random pattern detecting function (PN_C) ; 18, an 
electric measuring instrument that has a pseudo-random 
pattern generating function (PN_G) and a pseudo-random 
pattern detecting function (PN_C) ; 19, a loopback optical 
fiber that loops back a light signal, which is output from 
the transmitting unit 5, to the receiving unit 9; 20, a 
loopback electric wiring on the optical transceiver 
implemented substrate 12, which is used for looping back an 
output signal of the low-speed parallel output interface 10 

to the low-speed parallel input interface 2. 

I 

Next, operation will be described. 
In the first place, operation of the optical 
transceiver 1 will be described with reference to Fig. 19. 



A first parallel electric signal from outside is inputted 
to the optical transceiver 1 through the low-speed parallel 
input interface 2 . The multiplexing circuit 3 time- 
multiplexes the inputted parallel electric signal to 
generate a first high-speed serial signal. The 
electricity-light converter 4 converts the first high-speed 
serial signal into a light signal, which is output to 
outside . 

A high-speed serial light signal, which is inputted 
from outside, is converted into a second high-speed serial 
electric signal in the light-electricity converter 7 . The 
demultiplexing circuit 8 segregates the second high-speed 
serial electric signal by time to generate a second low- 
speed parallel signal. The second low speed parallel 
signal is output to outside of the optical transceiver 1 
through the low-speed parallel output interface 10. 

Next, a first method for evaluation and testing 
shown in Fig. 20 will be described. A first pseudo-random 
pattern signal (hereinafter referred to as PN pattern 
signal) , which is generated by the PN_G of the electric 
measuring instrument 18, is inputted to the optical 
transceiver 1 through the input electric wiring 13. After 
the PN pattern signal is converted into a light signal by 
the transmitting unit 5, the PN pattern signal is inputted 
to the light measuring instrument 17 through the first 
optical fiber 15. Evaluation and testing as to whether or 
not malfunction has occurred in the transmitting side path 
6 is performed by checking whether or not there is an error 
of the first PN pattern signal, which has been inputted 
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from the optical transceiver 1, using the PN_C of the light 
measuring instrument 17 . 

In a similar manner, the second PN pattern signal, 
which is generated by the PN_G of the light measuring 
5 instrument 17, is inputted to the optical transceiver 1 
through the second optical fiber 16. After the second PN 
pattern signal is converted into an electric signal by the 
receiving unit 9, the second PN pattern signal is inputted 
to the electric measuring instrument 18 through the output 

10 electric wiring 14 . Evaluation and testing as to whether 
or not malfunction has occurred in the receiving side path 
11 is performed by checking whether or not there is an 
error of the second PN pattern signal, which has been 
inputted from the optical transceiver 1, using the PN_C of 

15 the electric measuring instrument 18. 

Next, a second method for evaluation and testing 
shown in Fig. 21 will be described. A PN pattern signal, 
which is generated by the PN_G of the electric measuring 
instrument 18, is inputted to the optical transceiver 1 

20 through the input electric wiring 13. Then, the PN pattern 
signal is converted into a light signal in the transmitting 
unit 5, and is output. This light signal is inputted to 
the receiving unit 9 through the loopback optical fiber 19. 
After the light signal is converted into an electric signal, 

25 the electric signal is inputted to the electric measuring 

instrument 18 through the output electric wiring 14 . 

I 

Evaluation and testing of malfunction, which cover both of 
the transmitting side path 6 and the receiving side path 11 
of the optical transceiver 1 (that is to say, the whole 



optical transceiver 1 including the optical fiber path and 
the optical transceiver implemented substrate 12) , are 
performed at a time by checking whether or not there is an 
error of the inputted PN pattern signal using the PN_C of 
5 the electric measuring instrument 18. 

Next, a third method for evaluation and testing 
shown in Fig. 22 will be described. A PN pattern signal, 
which is generated by the PN_G of the light measuring 
instrument 17, is inputted to the optical transceiver 1 

10 through the second optical fiber 16. Then, the PN pattern 
signal is converted into an electric signal in the 
receiving unit 9. The electric signal is inputted to the 
low-speed parallel input interface 2 through the loopback 
electric wiring 20. After the electric signal is converted 

15 into a light signal in transmitting unit 5, the light 
signal is inputted to the light measuring instrument 17 
through the first optical fiber 15. Evaluation and testing 
of malfunction, which cover both of the receiving side path 
11 and the transmitting side path 6 (that is to say, the 

20 whole optical transceiver 1 including an evaluation/test 
system and the optical transceiver implemented substrate 
12) , are performed at a time by checking whether or not 
there is an error of the inputted PN pattern signal using 
the PN_C of the light measuring instrument 17. 

25 Because the conventional optical transceiver, and 

the method fcjr evaluating and testing the conventional 
optical transceiver, were devised and embodied as described 
above, there was the following problem: although it is 
possible to evaluate and test the whole transmitting side 
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path 6, the whole receiving side path 11, or the whole 
optical transceiver 1 as a whole, it is not possible to 
identify a path in the optical transceiver implemented 
substrate 12 and the optical transceiver 1 if malfunction 
5 occurs . 

In addition, the conventional method for evaluation 
and testing produced the following problem: one or two 
measuring instruments, such as the light measuring 
instrument 17 and the electric measuring instrument 18, are 
10 used, which causes the evaluation/ test system to become 

P large . 

M 

M SUMMARY OF THE INVENTION 

*jf In view of the foregoing, the present invention has 

4= 

s 15 been made, and an object of the present invention is to 

fy provide an optical transceiver, a multiplexing integrated 

JJf circuit, a demultiplexing integrated circuit, an integral 

multiplexing/demultiplexing integrated circuit, and a 

fy 

method for evaluating and testing the optical transceiver, 
20 by which, if malfunction occurs, a path where the 
malfunction has occurred can be identified. 

Another object of the present invention is to 
provide a method for evaluating and testing an optical 
transceiver capable of downsizing an evaluation/ test system 
25 and simplifying evaluation and testing. 

An optical transceiver according to the present 

I 

invention comprises the following: a first pseudo-random 
pattern generator and a first pseudo-random pattern 
detector in a transmitting side path; a second pseudo- 



random pattern generator and a second pseudo- random pattern 
detector in a receiving side path; a first loopback path 
that transmits a pseudo-random pattern signal from the 
transmitting side path to the receiving side path; and a 
second loopback path that transmits a pseudo-random pattern 
signal from the receiving side path to the transmitting 
side path. 

The optical transceiver according to the present 
invention comprises the following: a first selector in the 
transmitting side path, which selects an electric signal 
from an input interface or a pseudo-random pattern signal 
from the first pseudo-random pattern generator, and which 
outputs the electric signal or the pseudo-random pattern 
signal to the first pseudo-random pattern detector; and a 
second selector in the receiving side path, which selects 
an electric signal from a demultiplexing circuit or a 
pseudo-random pattern signal from the second pseudo-random 
pattern generator, and which outputs the electric signal or 
the pseudo-random pattern signal to the second pseudo- 
random pattern detector. 

The optical transceiver according to the present 
invention comprises the following: the first selector in 
the transmitting side path, which selects an electric 
signal from the input interface or a pseudo-random pattern 
signal from the first pseudo-random pattern generator; the 
third selector in the transmitting side path, which selects 
the electric signal from the input interface or an output 
of the first selector, and which outputs the electric 
signal or the output of the first selector to the first 



pseudo-random pattern detector; the second selector in the 
receiving side, which selects an electric signal from the 
demultiplexing circuit or a pseudo-random pattern signal 
from the second pseudo-random pattern generator; and the 
fourth selector in the receiving side, which selects the 
electric signal from the demultiplexing circuit or an 
output of the second selector, and which outputs the 
electric signal or the output of the second selector to the 
second pseudo-random pattern detector. 

The optical transceiver according to the present 
invention comprises the following: a first integral pseudo- 
random pattern generator /detector that is configured as one 
circuit comprising the first pseudo-random pattern 
generator and the first pseudo-random pattern detector; and 
a second integral pseudo-random pattern generator/detector 
that is configured as one circuit comprising the second 
pseudo-random pattern generator and the second pseudo- 
random pattern detector. 

The optical transceiver according to the present 
invention is characterized by the following: the first and 
the second integral pseudo-random pattern 

generators/detectors input a pseudo-random pattern signal , 
which has been inputted, as an initial value to generate a 
pseudo-random pattern signal for error detection and 
comparison; pseudo-random pattern detection is performed by 

comparing th4 generated pseudo-random pattern signal for 

i 

error detection and comparison with the inputted pseudo- 
random pattern signal; pseudo-random pattern generation is 
performed by generating a pseudo-random pattern signal 
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using a given initialization signal, or by generating the 
pseudo-random pattern signal by inputting the inputted 
pseudo-random pattern signal as an initial value. 

The optical transceiver according to the present 
invention is characterized by the following: the input 
interface, the first pseudo-random pattern generator, the 
first pseudo-random pattern detector, and the multiplexing 
circuit are integrated into the multiplexing integrated 
circuit; and the demultiplexing circuit, the second pseudo- 
random pattern generator, the second pseudo-random pattern 
detector, and the output interface are integrated into the 
demultiplexing integrated circuit. 

The optical transceiver according to the present 
invention is characterized by the following: the input 
interface, the first pseudo-random pattern generator, the 
first pseudo-random pattern detector, the multiplexing 
circuit, the demultiplexing circuit, the second pseudo- 
random pattern generator, the second pseudo-random pattern 
detector, the output interface, and the first loopback path 
are integrated into one unit to constitute the integral 
multiplexing/demultiplexing integrated circuit. 

A multiplexing integrated circuit according to the 
present invention comprises the input interface, the 
multiplexing circuit, the pseudo-random pattern generator, 
and the pseudo-random pattern detector. 

The multiplexing integrated circuit according to the 
present invention is an integral pseudo-random pattern 
generator/detector that is configured as one circuit 
comprising the pseudo-random pattern generator and the 
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pseudo-random pattern detector. 

A demultiplexing integrated circuit according to the 
present invention comprises the demultiplexing circuit, the 
output interface, the pseudo-random pattern generator, and 
the pseudo-random pattern detector. 

The demultiplexing integrated circuit according to 
the present invention is an integral pseudo-random pattern 
genera tor/detector that is configured as one circuit 
comprising the pseudo-random pattern generator and the 
pseudo-random pattern detector. 

An integral multiplexing/demultiplexing integrated 
circuit according to the present invention comprises the 
following: a multiplexing portion comprising the input 
interface, the multiplexing circuit, the first pseudo- 
random pattern generator, and the first pseudo-random 
pattern detector; the demultiplexing portion comprising the 
demultiplexing circuit, the output interface, the second 
pseudo-random pattern generator, and the second pseudo- 
random pattern detector; and the loopback path that 
transmits the pseudo-random pattern signal from the 
multiplexing circuit to the demultiplexing circuit. 

The integral multiplexing/demultiplexing integrated 
circuit according to the present invention comprises the 
following: a first integral pseudo-random pattern 
generator/detector that is configured as one circuit 
comprising tHe first pseudo-random pattern generator and 
the first pseudo-random pattern detector; and a second 
integral pseudo-random pattern generator/detector that is 
configured as one circuit comprising the second pseudo- 
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random pattern generator and the second pseudo- random 
pattern detector. 

A method for evaluating and testing an optical 
transceiver according to the present invention, the optical 
transceiver comprising : 

a transmitting side path including an input 
interface, a first pseudo-random pattern generator, a first 
pseudo-random pattern detector, a multiplexing circuit, and 
an electricity-light converter; 

a receiving side path including a light-electricity 
converter, a demultiplexing circuit, a second pseudo-random 
pattern generator, a second pseudo-random pattern detector, 
and an output interface; 

a first loopback path, which transmits a pseudo- 
random pattern signal from the multiplexing circuit of the 
transmitting side path to the demultiplexing circuit of the 
receiving side path; and 

a second loopback path, which transmitted a pseudo- 
random pattern signal from the receiving side path to the 
transmitting side path; 

wherein: 

the optical transceiver is placed on an 
implementation substrate; 

a loopback electric wiring is placed on the 

implementation substrate so as to loop back from an output 

-*> 

electric wiring on the implementation substrate, which is 

t 

connected to an output interface, to an input electric 
wiring on the implementation substrate, which is connected 
to an input interface; 
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an output of an electricity-light converter is 
connected to an outside pseudo- random pattern detecting 
function through a first optical fiber; and 

an input of a light-electricity converter is 
connected to an outside pseudo -random pattern generating 
function through a second optical fiber. 

The method for evaluating and testing an optical 
transceiver according to the present invention uses a light 
measuring instrument as an outside pseudo-random pattern 
detecting function and an outside pseudo-random pattern 
generating function. 

The method for evaluating and testing an optical 
transceiver according to the present invention uses another 
optical transceiver, which works normally, as an outside 
pseudo-random pattern detecting function and an outside 
pseudo-random pattern generating function. 

A method for evaluating and testing an optical 
transceiver according to the present invention, the optical 
transceiver comprising: 

a transmitting side path including an input 
interface, a first pseudo-random pattern generator, a first 
pseudo -random pattern detector, a multiplexing circuit, and 
an electricity-light converter; 

a receiving side path including a light-electricity 
converter, a demultiplexing circuit, a second pseudo-random 

-_irs. 

pattern generator, a second pseudo-random pattern detector, 

I 

and an output interface; and 

a loopback path, which transmitted a pseudo-random 
pattern signal from the transmitting side path to the 
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receiving side path; 
wherein : 

the optical transceiver is placed on an 
implementation substrate; 
5 a loopback electric wiring is placed on the 

implementation substrate so as to loop back from an output 
electric wiring on the implementation substrate, which is 
connected to an output interface, to an input electric 
wiring on the implementation substrate, which is connected 
10 to an input interface; 

a loopback optical fiber, which is used for 
transmitting a pseudo-random pattern signal from a first 
optical fiber connected to an output of an electricity- 
light converter to a second optical fiber connected to an 
15 input of a light-electricity converter, is connected; 

the input electric wiring on the implementation 
substrate is connected to an outside pseudo-random pattern 
generating function; and 

the output electric wiring on the implementation 
20 substrate is connected to an outside pseudo-random pattern 
detecting function. 

The method for evaluating and testing an optical 
transceiver according to the present invention uses an 
electric measuring instrument as an outside pseudo-random 
25 pattern detecting function and an outside pseudo-random 

pattern generating function. 

t 

The method for evaluating and testing an optical 
transceiver according to the present invention uses another 
optical transceiver, which works normally, as an outside 
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pseudo-random pattern detecting function and an outside 
pseudo-random pattern generating function. 

A method for evaluating and testing an optical 
transceiver according to the present invention, the optical 
transceiver comprising: 

a transmitting side path comprising an input 
interface, a first pseudo-random pattern generator, a first 
pseudo-random pattern detector, a multiplexing circuit, and 
an electricity-light converter; 

a receiving side path comprising a light-electricity 
converter, a demultiplexing circuit, a second pseudo-random 
pattern generator, a second pseudo-random pattern detector, 
and an output interface; and 

a loopback path, which transmitted a pseudo-random 
pattern signal from the transmitting side path to the 
receiving side path; 

wherein : 

the optical transceiver is placed on an 
implementation substrate; 

a loopback electric wiring is placed on the 
implementation substrate so as to loop back from an output 
electric wiring on the implementation substrate, which is 
connected to an output interface, to an input electric 
wiring on the implementation substrate, which is connected 
to an input interface; and 

a loopback optical fiber, which is used for 
transmitting* a pseudo-random pattern signal from a first 
optical fiber connected to an output of an electricity- 
light converter to a second optical fiber connected to an 
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input of a light-electricity converter, is connected. 

The method for evaluating and testing an optical 
transceiver according to the present invention is 
characterized by the following: a pseudo- random pattern 
generating function of a framer circuit, which generates 
and transmits/receives a frame pattern, is connected to an 
input electric wiring; and a pseudo-random pattern 
detecting function of the framer circuit is connected to an 
output electric wiring. 

The method for evaluating and testing an optical 
transceiver according to the present invention is 
characterized in that a framer circuit builds a pseudo- 
random pattern signal into a frame pattern to transmit the 
pseudo -random pattern signal . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a 
configuration of an optical transceiver according to a 
first embodiment of the present invention; 

Fig. 2 is a block diagram illustrating a 
configuration of first and second pseudo-random pattern 
generators of the optical transceiver according to the 
first embodiment of the present invention; 

Fig. 3 is a block diagram illustrating a 
configuration of first and second pseudo-random pattern 
detectors of j the optical transceiver according to the first 
embodiment of the present invention; 

Fig. 4 is a timing chart illustrating the first and 
the second pseudo-random pattern detectors of the optical 
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transceiver according to the first embodiment of the 
present invention; 

Fig. 5 is a block diagram illustrating a 
configuration of an integral pseudo-random pattern 
generator/detector of an optical transceiver according to 
second embodiment of the present invention; 

Fig. 6 is a block diagram illustrating a 
configuration of an optical transceiver according to a 
third embodiment of the present inventions- 
Fig. 7 is a block diagram illustrating a 
configuration of a first pseudo-random pattern 
generator/detector and a second pseudo-random pattern 
genera tor /detector of an optical transceiver according to 
fourth embodiment of the present invention; 

Fig. 8 is a block diagram illustrating a 
configuration of a first pseudo-random pattern 
generator/detector and a second pseudo-random pattern 
generator /detector of an optical transceiver according to 
sixth embodiment of the present invention; 

Fig. 9 is a block diagram illustrating a 
configuration of a multiplexing integrated circuit 
according to an eighth embodiment of the present invention 

Fig. 10 is a block diagram illustrating a 
configuration of a demultiplexing integrated circuit 
according to a ninth embodiment of the present invention; 

Fig. is a block diagram illustrating a 
configuration of an optical transceiver according to a 
tenth embodiment of the present invention; 

Fig. 12 is a block diagram illustrating a 
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configuration of an integral multiplexing/demultiplexing 
integrated circuit according to an eleventh embodiment of 
the present invention; 

Fig. 13 is a block diagram illustrating a 
configuration of an optical transceiver according to a 
twelfth embodiment of the present invention; 

Fig. 14 is a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
a thirteenth embodiment of the present invention; 

Fig. 15 is a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
a fifteenth embodiment of the present invention; 

Fig. 16 is a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
a seventeenth embodiment of the present invention; 

Fig. 17 is a diagram illustrating a method for 
evaluating and testing an optical transceiver, and a method 
for evaluating and testing connection between the optical 
transceiver and a framer circuit, according to an 
eighteenth embodiment of the present invention; 

Fig. 18 is a diagram illustrating a frame pattern 
generated by a framer circuit; 

Fig. 19 is a block diagram illustrating a 
configuration of a conventional optical transceiver; 

Fig. 20 is a diagram illustrating a method for 
evaluating and testing the conventional optical 
transceiver ; * 

Fig. 21 is a diagram illustrating a method for 
evaluating and testing the conventional optical 
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transceiver ; and 

Fig. 22 is a diagram illustrating a method for 
evaluating and testing the conventional optical transceiver 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be described as below. 

(First Embodiment) 

Fig. 1 is a block diagram illustrating a 
configuration of an optical transceiver according to a 
first embodiment of the present invention. In the figure, 
the same or like parts are denoted by the same reference 
numerals in Fig. 19 and the duplicate description thereof 
will be omitted. In Fig. 1, reference numeral 21 denotes a 
first pseudo-random pattern detector (PN_C) ; 22 denotes a 
first error output of the first pseudo-random pattern 
detector 21; 23, a first pseudo-random pattern generator 
(PN_G) ; 24, first selector (SEL) for selecting an output 
signal of the first pseudo-random pattern generator 23 or 
an output of a low-speed parallel input interface 2; and 25 
a first pseudo-random pattern generator/detector (PN_G&C) 
comprising the first pseudo-random pattern detector 21, the 
first error output 22, the first pseudo-random pattern 
generator 23, and the first selector 24. 

Moreover, in Fig. 1, reference numeral 26 denotes a 
second pseudo-random pattern detector (PN_C) ; 27 denotes a 
second error output of the second pseudo-random pattern 
detector 26; 28, a second pseudo-random pattern generator 
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<PN_G) ; 29, a second selector (SEL) for selecting an output 
signal of the second pseudo-random pattern generator 28 or 
an output of a demultiplexing circuit 8/ and 30, a second 
pseudo-random pattern generator/detector (PN_G&C) 
5 comprising the second pseudo-random pattern detector 26, 
the second error output 27, the second pseudo- random 
pattern generator 28, and the second selector 29. 

In addition, in Fig. 1, reference numeral 31 denotes 
a first loopback path that loops back a high-speed serial 

10 signal directly from the multiplexing circuit 3 to the 

demultiplexing circuit 8; and 32 denotes a second loopback 
path that loops back a high-speed serial signal directly 
from a light-electricity converter 7 to an electricity- 
light converter 4 . The first loopback path 31 and the 

15 second loopback path 32 are always connected to each other. 
A traveling direction of a signal is determined by a signal 
switching device (not illustrated) such as a selector at 
the time of normal operation and at the time of evaluation 
and testing. In this case, the first loopback path 31 and 

20 the second loopback path 32 can be used as the second 
loopback path 32 and the first loopback path 31 
respectively. In addition, the first loopback path 31 can 
also be directly connected from the multiplexing circuit 3 
to the demultiplexing circuit 8; and the second loopback 

25 path 32 can also be directly connected from the 

demultiplexing circuit 8 to the multiplexing circuit 3. 
Next, operation will be described. 

When evaluating and testing operation of the low- 
speed parallel input interface 2, a PN pattern signal is 
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inputted from an electric measuring instrument, etc. to the 
low-speed parallel input interface 2, and then the inputted 
PN pattern signal is evaluated by the first pseudo-random 
pattern detector 21. If an error is detected in the PN 
pattern signal, a signal is output from the first error 
output 22. 

In addition, when evaluating and testing a 
transmitting unit 5, the first pseudo-random pattern 
generator 23 generates a PN pattern signal. An output of 
the first pseudo-random pattern generator 23 is selected by 
the first selector 24, and the PN pattern signal is 
inputted to the transmitting unit 5. Then, the PN pattern 
signal, which has been converted into a light signal, is 
evaluated using a pseudo-random pattern detecting function 
of a light measuring instrument, etc. 

Moreover, when evaluating the whole transmission 
side path 6, a PN pattern signal is inputted from the 
electric measuring instrument, etc. to the low-speed 
parallel input interface 2. After that, the first selector 
24 selects an output signal of the low-speed parallel input 
interface 2, and inputs the PN pattern signal to the 
transmitting unit 5. Then, the PN pattern signal converted 
into a light signal, which is output from the transmitting 
unit 5, is evaluated using the light measuring instrument. 

Furthermore, when evaluating and testing a receiving 
unit 9 of a receiving side path 11, the PN pattern signal, 
which has been inputted from the light measuring instrument, 
is evaluated by the second pseudo-random pattern detector 
26. If an error is detected in the PN pattern signal, a 



22 



signal is output from the second error output 27. 

Moreover, when evaluating and testing a low-speed 
parallel output interface 10, the PN pattern signal, which 
has been generated by the second pseudo- random pattern 
generator 28, is output through the second selector 29 and 
the low-speed parallel output interface 10, and is 
evaluated using a pseudo-random pattern detecting function 
of the electric measuring instrument, etc. 

Moreover, when evaluating and testing the whole 
receiving side path 11, the second selector 29 selects an 
output signal of the demultiplexing circuit 8 to input a PN 
pattern signal to the low-speed parallel output interface 
10. Then, the PN pattern signal is evaluated using the 
electric measuring instrument, etc. 

Moreover, when evaluating and testing the 
multiplexing circuit 3 and the demultiplexing circuit 8 as 
a whole, a PN pattern signal, which has been generated by 
the first pseudo-random pattern generator 23, is passed 
through a path (the first selector 24 - the multiplexing 
circuit 3 - the first loopback path 31 - the demultiplexing 
circuit 8 - the second pseudo-random pattern detector 26) . 
Then, the PN pattern signal is evaluated by the second 
pseudo-random pattern detector 26. 

In a similar manner, use of the first loopback path 

31 enables the following: evaluation and testing of a path 

on 

(the low-speed parallel input interface 2 - the 
multiplexing* circuit 3 - the first loopback path 31 - the 
demultiplexing circuit 8) ; evaluation and testing of a path 

(the multiplexing circuit 3 - demultiplexing circuit 8 - 
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the low-speed parallel output interface 10) , and evaluation 
and testing of a path (the low-speed parallel input 
interface 2 - the multiplexing circuit 3 - the first 
loopback path 31 - the demultiplexing circuit 8 - the low- 
speed parallel input interface 10) . 

Moreover, when evaluating and testing the 
electricity- light converter 4 and the light-electricity 
converter 7 as a whole, a PN pattern signal is inputted 
from the light measuring instrument to the light- 
electricity converter 7, and is output to the light 
measuring instrument, etc., through the second loopback 
path 32 and the electricity- light converter 4. Then, the 
PN pattern signal is evaluated using a pseudo-random 
detecting function of the light measuring instrument, etc. 

In the above-mentioned evaluation and testing in 
which the first pseudo-random pattern generator/detector 25 
is used, selecting an output of the first pseudo-random 
pattern generator 23 using the first selector 24 and 
inputting a PN signal to the first pseudo-random pattern 
detector 21 permit a pseudo-random pattern generating 
function and a pseudo-random pattern detecting function to 
be performed simultaneously in the first pseudo-random 
pattern generator/detector 25. A case of the second 
pseudo-random pattern genera tor /detector 30 is also the 
same. 

When operating the optical transceiver 1 normally, 
the first selector 24 selects an output of the low-speed 
parallel input interface 2, inputs a normal data electric 
signal from the low-speed parallel input interface 2, and 
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then passes the electric signal through the transmitting 
side path 6 without processing. In addition, the second 
selector 29 selects an output of the demultiplexing circuit 

8, inputs a normal data light signal to the receiving unit 

9, and then passes the light signal through the receiving 
side path 11 without processing. 

Fig. 2 is a block diagram illustrating a 
configuration of the first and the second pseudo-random 
pattern generators 23 and 28. This example will be 
described on the assumption that a number of parallel data 
is 16, and that a number of PN steps is 31. In Fig. 2, 
reference numeral 33 denotes a first shift register in 
which 31 D flip-flops (DFF) are placed in parallel; 34 
denotes an initialization signal for initializing the first 
shift register 33; 35, a first output parallel signal based 
on 31 parallel channels, which is output by the first shift 
register 33; 36, a first EXOR group in which exclusive OR 
gates are placed; 37, a first PN pattern output signal that 
has been converted into a signal based on 16 parallel 
channels, and that is output from the first EXOR group 36; 
and 38, a second PN pattern output signal that has been 
converted into a signal based on 31 parallel channels, and 
that is output from the first EXOR group 36. 

Next, operation of the first and the second pseudo- 
random pattern generators 23 and 28 shown in Fig. 2 will be 
described. ; 

For example, the first output parallel signal 35, 
which has been appropriately initialized by the 
initialization signal 34 of which value is all "1", is 
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output from the first shift register 33. Then, the first 
output parallel signal 35 is converted into the first PN 
pattern output signal 37 based on 16 parallel channels, and 
the second PN pattern output signal 38 based on 31 parallel 
channels, in the first EXOR group 36. 

Feeding back the second PN pattern output signal 38 
to the first shift register 33 permits a PN pattern signal 
to be generated continuously, until the next initialization 
signal 34 is inputted, according to the following loop: the 
first shift register 33 - the first output parallel signal 
35 - the first EXOR group 36 - the second PN pattern output 
signal 38 - the first shift register 33. The first PN 
pattern output signal 37 is inserted in each path of the 
optical transceiver 1, and is used for evaluation of the 
optical transceiver 1 . 

Fig. 3 is a block diagram illustrating a 
configuration of the first and the second pseudo-random 
pattern detectors 21 and 26. As is the case with the 
example of the first and the second pseudo- random pattern 
generators 23 and 28 show in Fig. 2, this example will be 
described on the assumption that a number of parallel data 
is 16, and that a number of PN steps is 31. In Fig. 3, 
reference numeral 39 denotes a PN pattern input signal 
based on 16 parallel channels; 40 denotes a second shift 
register in which 16 DFFs are placed in parallel; 41, a 
second output parallel signal based on 16 parallel channels, 
which is output from the second shift register 40; and 42, 
a parallel signal based on 32 parallel channels, in which 
the PN pattern input signal 39 and the second output 
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parallel signal 41 are arranged in parallel. 

In addition, in Fig. 3, reference numeral 43 denotes 
a fifth selector; 44 denotes a selection signal for 
switching an input of the fifth selector 43; 45, a third 
5 shift register in which 31 DFFs are placed in parallel; 46, 
a second EXOR group; 47, a third PN pattern output signal 
based on 16 parallel channels; 48, a fourth PN pattern 
output signal based on 31 parallel channels; 49, an error 
detecting device that compares codes of the second output 

10 parallel signal 41 with those of the third PN pattern 
output signal 47 to detect an error; and 50, an error 
output that is output from the error detecting device 49. 

Next, operation of the first and the second pseudo- 
random pattern detectors 21 and 26 shown in Fig. 3 will be 

1 5 described . 

Fig. 4 is a diagram illustrating a signal based on 
32 parallel channels, in which the PN pattern input signal 
39 based on 16 parallel channels and the second output 
parallel signals 41 based on 16 parallel channels are 

20 arranged in parallel. The second output parallel signal 41 
is mixed with the second shift register 40 from the PN 
pattern input signal 39 as shown in Fig. 4. Then, the 
mixed signal is inputted into the fifth selector 43 as the 
parallel signal 42 based on 32 parallel channels. 

25 The fifth selector 43 selects the parallel signal 42 

based on 32 parallel channels using the selection signal 44, 
and inputs the parallel signal 42 to the third shift 
register 45 as an initial value. However, what is inputted 
is a signal from 31 parallel channels; a signal from a 32nd 
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parallel channel is not inputted. After the parallel 
signal is inputted into the third shift register 45 as an 
initial value, the fifth selector 43 switches the inputted 
signal to the fourth PN pattern output signal 48, which is 
from the second EXOR group 46, using the selection signal 
44. 

A parallel signal, which is output from the third 
shift register 45, is inputted to the second EXOR group 4 6 
where the parallel signal is converted into the third PN 
pattern output signal 47 based on 16 parallel channels and 
the fourth PN pattern output signal 48 based on 31 parallel 
channels. As is the case with the operation of the first 
and the second pseudo-random pattern generators 23, 28 
described above, since the fourth PN pattern output signal 
48 is inputted to the third shift register 45 through the 
fifth selector 43, the PN pattern is continuously generated 
until a next initial value is inputted. 

Codes of the third PN pattern output signal 47 and 
the second output parallel signal 41 are compared in the 
error detecting device 49. If an error has been detected 
in the comparison between them, an error signal is output 
from an error output 50 . 

As described above, according to the first 
embodiment, in the transmitting side path 6, the optical 
transceiver 1 comprises the first pseudo-random pattern 
detector 21 and the first pseudo-random pattern generator 
23; and in the receiving side path 11, the optical 
transceiver 1 comprises the second pseudo-random pattern 
detector 26 and the second pseudo-random pattern generator 
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28. Therefore, the following effects are exhibited: not 
only evaluation and testing of the whole optical 
transceiver 1, the transmitting side path 6, and the 
receiving side path 11, but also evaluation and testing of 
individual parts inside the optical transceiver 1 become 
possible; and thus, a malfunction path can be identified 
when malfunction occurs in the optical transceiver 1 . 

In addition, according to the first embodiment, 
performing a PN pattern signal generating function and a PN 
pattern signal detecting function simultaneously permits 
the first and the second pseudo-random pattern 
generators /detectors 25 and 30 to perform evaluation and 
testing of a plurality of paths simultaneously. This 
exhibits an effect of enabling efficient evaluation and 
testing of the optical transceiver 1 . 

(Second Embodiment) 

Fig. 5 is a block diagram illustrating a 
configuration of an integral pseudo-random pattern 
genera tor /detector (PN_GC) of the optical transceiver 1 
according to a second embodiment of the present invention. 
In Fig. 5, parts common to those in Figs. 2 and 3 are 
denoted by the same reference numerals and the duplicate 
description thereof will be omitted. 

A deference between the configuration of the 
integral pseudo-random pattern generator/detector shown in 
Fig. 5 and the configuration of the first and the second 
pseudo-random pattern detectors 21, 26 shown in Fig. 3 
resides in that, in Fig. 5, an initialization signal 34, 
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which gives an appropriate initial value (for example, all 
"1", etc.), is inputted to the third shift register 45, and 
that the third PN pattern output signal 47 is inputted to 
the error detecting device 49 while the third PN pattern 
output signal 47 is output as a PN pattern signal generated 
by the PN pattern generating function. The PN pattern 
signal generated here is inputted to the first selector 24 
or the second selector 29, which is shown in Fig. 1. 
Next, operation will be described. 

In Fig. 5, when using this integral pseudo- random 
pattern generator/detector as a pseudo-random pattern 
generator, the fifth selector 43 selects the fourth PN 
pattern output signal 48, gives an appropriate initial 
value from the initialization signal 34 to the third shift 
register 45, generates the third PN pattern output signal 
47 based on 16 parallel channels, and then outputs the 
third PN pattern output signal 47 as a PN pattern signal. 

In addition, in Fig. 5, when using this integral 
pseudo-random pattern generator/detector as a pseudo-random 
pattern detector, the fifth selector 43 selects the 
parallel signal 42 based on 32 parallel channels, and input 
the parallel signal 42 to the third shift register 45 as an 
initial value. After that, a PN pattern signal is 
generated by the same operation as that of the first and 
the second pseudo-random pattern detectors 21, 26 of the 
first embodiment, and the second output parallel signal 41 
is compared with the third PN pattern output signal 47 in 
the error detecting device 49. If there is an error in the 
comparison between them, an error signal is output from an 
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error output 50. 

Moreover, it is possible to generate the PN pattern 
signal using an arbitrary PN pattern signal as an initial 
value. Therefore, if generation of the PN pattern signal 
5 is started using an initial value at the time of the PN 
pattern signal detection, the generating function and the 
detecting function of the PN pattern signal can be 
performed simultaneously in this integral pseudo-random 
pattern genera tor /detector . 

10 As described above, according to the second 

embodiment, since the integral pseudo-random pattern 
generator/detector is configured to have the pseudo-random 
pattern generating function and the pseudo-random pattern 
detecting function in one circuit, a circuit size can be 

15 reduced and low power consumption can be achieved. 

Furthermore, according to the second embodiment, 
this integral pseudo-random pattern generator/detector is 
configured to perform the pseudo-random pattern generating 
function and the pseudo-random pattern detecting function 

20 simultaneously, a plurality of paths can be evaluated and 
tested simultaneously; and the evaluation and the testing 
of the optical transceiver 1 can be performed efficiently. 

(Third Embodiment) 
25 Fig. 6 is a block diagram illustrating a 

configuration of an optical transceiver according to a 
third embodiment of the present invention. Parts, which 
are common to those in Figs. 1 and 19, are denoted by the 
same reference numerals and description thereof will be 
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omitted. In Fig. 6, reference numeral 51 denotes the first 
integral pseudo-random pattern generator/detector (PN_GC) 
shown in the second embodiment; and 52 denotes the second 
integral pseudo-random pattern generator/detector (PN_GC) 
that has the same configuration as that of the first 
integral pseudo-random pattern generator/detector. 

In this connection, because operation is similar to 
that shown in the first embodiment, description of the 
operation will be omitted. However, the first integral 
pseudo-random pattern genera tor /detector 51 has both 
functions of the first pseudo-random pattern detector 21 
and the first pseudo-random pattern generator 23 according 
to the first embodiment; and the second integral pseudo- 
random pattern generator/detector 52 has both the functions 
of the second pseudo-random pattern detector 26 and the 
second pseudo-random pattern generator 28 according to the 
first embodiment. 

As described above, according to the third 
embodiment, in the transmitting side path 6, the optical 
transceiver 1 comprises the first integral pseudo-random 
pattern generator/detector 51; and in the receiving side 
path 11, the optical transceiver 1 comprises the second 
integral pseudo-random pattern generator/detector 52 . 
Therefore, the following effects are exhibited: not only 
evaluation and testing of the whole optical transceiver 1, 
the transmitting side path 6, and the receiving side path 
11, but also* evaluation and testing of individual parts 
inside the optical transceiver 1 become possible; and thus, 
a malfunction path can be identified when malfunction 
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occurs in the optical transceiver 1 . 

Moreover, according to the third embodiment, by 
using the first and the second integral pseudo-random 
pattern generators /detectors 51 and 52, the optical 
transceiver 1 with a reduced circuit size and low power 
consumption can be realized. 

In addition, according to the third embodiment, 
performing the PN pattern signal generating function and 
the PN pattern signal detecting function simultaneously 
permits the first and the second integral pseudo-random 
pattern generators/detectors 51 and 52 to perform 
evaluation and testing of a plurality of paths 
simultaneously. This exhibits an effect of enabling 
efficient evaluation and testing of the optical transceiver 
1. 

(Fourth Embodiment) 

Fig. 7 is a block diagram illustrating 
configurations of the first pseudo-random pattern 
generator/detector 25 and the second pseudo-random pattern 
generator/detector 30 according to a fourth embodiment of 
the present invention, which are placed in the transmitting 
side path 6 and the receiving side path 11 in the optical 
transceiver 1, respectively. Parts, which are common to 
those of the first pseudo-random pattern genera tor/detector 
25 and the second pseudo-random pattern genera tor/detector 
30 according 1 to the first embodiment shown in Fig. 1, are 
denoted by the same reference numerals and the description 
thereof will be omitted. Additionally, because a 
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configuration as the optical transceiver 1 is similar to 
that shown in Fig. 1, description of the configuration will 
be omitted. 

There are the following points of difference between 
Figs. 1 and 7: in the first pseudo-random pattern 
generator/detector 25, order of the first pseudo-random 
pattern detector 21 and the first pseudo-random pattern 
generator 23, and the first selector 24 is reverse; and in 
a similar manner, in the second pseudo-random pattern 
generator/detector 30, order of the second pseudo-random 
pattern detector 26 and the second pseudo-random pattern 
generator 28, and the second selector 29 is reverse. 

Next, operation will be described. 

Operation of the first pseudo-random pattern 
generator/detector 25 placed in the transmitting side path 
6 will be described with reference to Fig. 7 here. However, 
the second pseudo-random pattern genera tor/detector 30 
placed in the receiving side path 11 also operates in a 
similar manner. In addition, since operation of the 
optical transceiver 1 as a whole is similar to that shown 
in the first embodiment, description of the operation will 
be omitted. 

The PN pattern signal, which has been inputted from 
the low-speed parallel input interface 2, is inputted to 
the first selector 24 before the PN pattern signal is 
inputted to the first pseudo-random pattern detector 21. 
Therefore, it is possible to evaluate and test a path (the 
low-speed parallel input interface 2 - the first selector 
24) . The first pseudo-random pattern detector 21 evaluates 
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the PN pattern signal to detect an error. 

In addition, the PN pattern signal, which has been 
generated by the first pseudo-random pattern generator 23, 
is inputted to the multiplexing circuit 3 through the first 
5 selector 24. Therefore, it is possible to evaluate a path 
including the first selector 24 and the multiplexing 
circuit 3. 

In the first pseudo- random pattern 
generator/detector 25 shown in Fig. 7, evaluation and 
10 testing of each path are performed through the first 

selector 24. Therefore, the first selector 24 is evaluated 
m and tested repeatedly, which enables a crosscheck of the 

flj first selector 24 . 

^ As described above, according to the fourth 

l_ 15 embodiment, in the transmitting side path 6, the optical 

flj transceiver 1 comprises the first pseudo-random pattern 

jjS detector 21 and the first pseudo -random pattern generator 

23; and in the receiving side path 11, the optical 
transceiver 1 comprises the second pseudo-random pattern 
20 detector 26 and the second pseudo-random pattern generator 
28. Therefore, the following effects are exhibited: not 
only evaluation and testing of the whole optical 
transceiver 1, the transmitting side path 6, and the 
receiving side path 11, but also evaluation and testing of 

25 individual parts inside the optical transceiver 1 become 

-H 

possible; and thus, a malfunction path can be identified 
when malfunction occurs in the optical transceiver 1. 

Moreover, according to the fourth embodiment, the 
following effect is exhibited: a cross-check of a path 
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including the first selector 24 or the second selector 29, 
which could not be performed by the optical transceiver 1 
according to the first embodiment, becomes possible. 

5 (Fifth Embodiment) 

As regards block diagram illustrating a 
configuration of the first pseudo-random pattern 
generator/detector 25 according to a fifth embodiment of 
the present invention, which is placed in the transmitting 

10 side path 6 in the optical transceiver 1, the first pseudo- 
random pattern detector 21 and the first pseudo-random 
pattern generator 23 shown in Fig. 7 according to the 
fourth embodiment are replaced with the first integral 
pseudo-random pattern generator/detector 51 shown in Fig. 6 

15 according to the third embodiment; and a configuration of 
the second pseudo-random pattern generator /detector 30 
placed in the receiving side path 11 is also replaced with 
the second integral pseudo-random pattern 
generator /detector 52 . 

20 In this connection, since description of operation 

is similar to that shown in the fourth embodiment, the 
description will be omitted. However, the first integral 
pseudo-random pattern generator/detector 51 has both the 
functions of the first pseudo-random pattern detector 21 

25 and the first pseudo-random pattern generator 23 according 
to the first \ embodiment; and the second integral pseudo- 
random pattern generator /detector 52 has both functions of 
the second pseudo-random pattern detector 26 and the second 
pseudo-random pattern generator 28 according to the first 



embodiment . 

As described above, according to the fifth 
embodiment, in the transmitting side path 6, the optical 
transceiver 1 comprises the first integral pseudo-random 

5 pattern generator/detector 51; and in the receiving side 
path 11, the optical transceiver 1 comprises the second 
integral pseudo-random pattern generator/detector 52 . 
Therefore, the following effects are exhibited: not only 
evaluation and testing of the whole optical transceiver 1, 

10 the transmitting side path 6, and the receiving side path 
11, but also evaluation and testing of individual parts 
inside the optical transceiver 1 become possible; and thus, 
a malfunction path can be identified when malfunction 
occurs in the optical transceiver 1 . 

15 Moreover, according to the fifth embodiment, the 

following effect is exhibited: a cross-check of a path 
including the first selector 24 or the second selector 29, 
which could not be performed by the optical transceiver 1 
according to the first embodiment, becomes possible. 

20 Furthermore, according to the fifth embodiment, by 

using the first and the second integral pseudo-random 
pattern generators /detectors 51 and 52, the first and the 
second pseudo-random pattern generators/detectors with a 
reduced circuit size and low power consumption can be 

2!5 realized. 

(Sixth Embodiment) 

Fig. 8 is a block diagram illustrating 
configurations of the first pseudo-random pattern 
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generator/detector 25 and the second pseudo-random pattern 
generator/detector 30 according to a sixth embodiment of 
the present invention, which are placed in the transmitting 
side path 6 and the receiving side path 11 in the optical 
5 transceiver 1 respectively. In Fig. 8, reference numeral 
53a denotes a third selector for selecting an inputted PN 
pattern signal or an output signal of the first selector 
24; 53b denotes a fourth selector for selecting an inputted 
PN pattern signal or an output signal of the second 
10 selector 29; and others are similar to the configuration 
shown in Fig. 7 according to the fourth embodiment. 
Additionally, since a configuration of the optical 
transceiver 1 is similar to that shown in Fig. 1, 
description of the configuration will be omitted. 
15 Next, operation will be described. 

Operation of the first pseudo-random pattern 
generator/detector 25 placed in the transmitting side path 
6 will be described with reference to Fig. 8 here. The 
second pseudo-random pattern generator/detector 30 placed 
20 in the receiving side path 11 also operates in a similar 
manner. In addition, since operation of the optical 
transceiver 1 as a whole is similar to that shown in the 
first embodiment, description of the operation will be 
omitted. 

25 When evaluating and testing a path of the low-speed 

parallel input interface 2 , a PN pattern signal is inputted 
to the low-speed parallel input interface 2. After that, 
the third selector 53a selects the PN pattern signal from 
the low-speed parallel input interface 2, and inputs the PN 
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pattern signal to the first pseudo-random pattern detector 
21. 

In addition, when evaluating and testing a path, 
including the first selector 24, from the low-speed 
parallel input interface 2, a PN pattern signal is inputted 
to the low-speed parallel input interface 2. After that, 
the third selector 53a selects the PN pattern signal from 
the first selector 24, and then inputs the PN pattern 
signal to the first pseudo-random pattern detector 21. 

Moreover, the PN pattern signal, which has been 
generated by the first pseudo-random pattern generator 23, 
is inputted to the multiplexing circuit 3 through the first 
selector 24. Therefore, it is possible to evaluate a path 
including the first selector 24 and the multiplexing 
circuit 3. Moreover, selection of the first pseudo-random 
pattern generator 23 by the first selector 24, and 
selection of an output of the low-speed parallel input 
interface 2 by the third selector 53a, enables simultaneous 
evaluation of the low-speed parallel input interface 2 and 
a path (the first selector 24 - the multiplexing circuit 3) . 

In addition, selection of an output of the low-speed 
parallel input interface 2 by the first selector 24 and the 
third selector 53a enables simultaneous evaluation of the 
low-speed parallel input interface 2 and a path (the low- 
speed parallel input interface 2 - the first selector 24 - 
-H 

the multiplexing circuit 3) . 

As described above, according to the sixth 
embodiment, in the transmitting side path 6, the optical 
transceiver 1 comprises the first pseudo-random pattern 
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detector 21 and the first pseudo-random pattern generator 
23; and in the receiving side path 11, the optical 
transceiver 1 comprises the second pseudo-random pattern 
detector 26 and the second pseudo-random pattern generator 

5 28. Therefore, the following effects are exhibited: not 
only evaluation and testing of the whole optical 
transceiver 1, the transmitting side path 6, and the 
receiving side path 11, but also evaluation and testing of 
individual parts inside the optical transceiver 1 become 

10 possible; and thus, a malfunction path can be identified 
when malfunction occurs in the optical transceiver 1 . 

In addition, according to the sixth embodiment, 
permitting the third selector 53a to select a signal that 
will be inputted to the first pseudo-random pattern 

15 detector 21, and permitting the fourth selector 53b to 

select a signal that will be inputted to the second pseudo- 
random pattern detector 26, exhibit the following effect: 
selection as to whether or not the first selector 24 and 
the second selector 29 are included in a path, which should 

20 be evaluated, become possible. 

Furthermore, according to the sixth embodiment, 
performing the PN pattern signal generating function and 
the PN pattern signal detecting function simultaneously 
permits the first and the second pseudo-random pattern 

25 generators /detectors 25 and 30 to perform evaluation and 
testing of a ^plurality of paths simultaneously. This 
exhibits an effect of enabling efficient evaluation and 
testing of the optical transceiver 1. 
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(Seventh Embodiment) 

As regards a block diagram illustrating a 
configuration of the first pseudo-random pattern 
generator/detector 25 according to a seventh embodiment of 
5 the present invention, which is placed in the transmitting 
side path 6 in the optical transceiver 1, the first pseudo- 
random pattern detector 21 and the first pseudo-random 
pattern generator 23 shown in Fig. 8 according to the sixth 
embodiment are replaced with the first integral pseudo- 
u 10 random pattern genera tor /detector 51 shown in Fig. 6 

according to the third embodiment; and a configuration of 
© the second pseudo-random pattern generator/detector 30 

hj placed in the receiving side path 11 is also replaced with 

l2 the second integral pseudo-random pattern 

jL 1 5 generator /detector 52 . 

In this connection, since description of operation 
J is similar to that shown in the sixth embodiment, the 

p description will be omitted. However, the first integral 

pseudo-random pattern generator /detector 51 has both the 
20 functions of the first pseudo-random pattern detector 21 

and the first pseudo-random pattern generator 23 according 
to the first embodiment; and the second integral pseudo- 
random pattern generator/detector 52 has both functions of 
the second pseudo-random pattern detector 26 and the second 
25 pseudo-random pattern generator 28 according to the first 
embodiment. 

As described above, according to the seventh 
embodiment, in the transmitting side path 6, the optical 
transceiver 1 comprises the first integral pseudo-random 
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pattern generator /detector 51; and in the receiving side 
path 11, the optical transceiver 1 comprises the second 
integral pseudo-random pattern generator/detector 52. 
Therefore, the following effects are provided: not only 

5 evaluation and testing of the whole optical transceiver 1, 
the transmitting side path 6, and the receiving side path 
11, but also evaluation and testing of individual parts 
inside the optical transceiver 1 become possible; and thus, 
a malfunction path can be identified when malfunction 

10 occurs in the optical transceiver 1. 

In addition, according to the seventh embodiment, 
the following effects are exhibited: by permitting the 
third selector 53a to select a signal, which will be 
inputted to the first pseudo-random pattern detector 51, 

1f5 selection as to whether or not the first selector 24 is 

included in a path to be evaluated becomes possible; and by 
permitting the fourth selector 53b to select a signal, 
which will be inputted to the second integral pseudo-random 
pattern generator/detector 52, selection as to whether or 

20 not the second selector 29 is included in a path to be 
evaluated becomes possible. 

Moreover, according to the seventh embodiment, by 
using the first and the second integral pseudo-random 
pattern generators /detectors 51 and 52, the first and the 

25 second pseudo-random pattern generators /detectors with a 
reduced circuit size and low power consumption can be 
realized. 

Furthermore, according to the seventh embodiment, 
performing the PN pattern signal generating function and 
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the PN pattern signal detecting function simultaneously 
permits the first and the second pseudo-random pattern 
generators /detectors 25 and 30 to perform evaluation and 
testing of a plurality of paths simultaneously. This 
exhibits an effect of enabling efficient evaluation and 
testing of the optical transceiver 1 . 

(Eighth Embodiment) 

Fig. 9 is a block diagram illustrating a 
configuration of a multiplexing integrated circuit 
according to an eighth embodiment of the present invention. 
In Fig. 9, reference numeral 54 denotes a multiplexing 
integrated circuit (MUX IC) . Components in the 
multiplexing integrated circuit 54 are similar to those 
shown in Fig. 1, and similar reference numerals have been 
used for the components. Therefore, description of the 
components will be omitted. 

Next, operation will be described. 

It is possible to evaluate and test the low-speed 
parallel input interface 2 by inputting a PN pattern signal, 
which is inputted by the low-speed parallel input interface 
2, to the first pseudo-random pattern genera tor /detector 25, 
and checking whether or not there is an error of the PN 
pattern signal . 

Moreover, it is possible to evaluate and test the 
multiplexing icircuit 3 by inputting the PN pattern signal, 
which has been generated by the first pseudo-random pattern 
generator /detector 25, to an electric measuring instrument 
outside the multiplexing integrated circuit 54 through the 
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multiplexing circuit 3, and checking whether or not there 
is an error using a PN pattern signal detecting function of 
the electric measuring instrument, etc. 

When operating the multiplexing integrated circuit 
54 normally, a data signal inputted to the multiplexing 
integrated circuit 54 is passed through the first pseudo- 
random pattern generator/detector 25 without processing. 

As described above, according to the eighth 
embodiment, since the multiplexing integrated circuit 54 is 
configured to have the first pseudo-random pattern 
generator/detector 25 that is incorporated therein, it is 
possible to evaluate and test paths in the multiplexing 
integrated circuit 54 individually. 

(Ninth Embodiment) 

Fig. 10 is a block diagram illustrating a 
configuration of a demultiplexing integrated circuit 
according to a ninth embodiment of the present invention. 
In Fig. 10, reference numeral 55 denotes a demultiplexing 
integrated circuit (DEMUX IC) . Components in the 
demultiplexing integrated circuit 55 are similar to those 
shown in Fig. 1, and similar reference numerals have been 
used for the components. Therefore, description of the 
components will be omitted. 

Next, operation will be described. 
It is possible to evaluate and test the 
demultiplexing circuit 8 by inputting a PN pattern signal 
from the demultiplexing circuit 8 to the second pseudo- 
random pattern generator /detector 30, and checking whether 
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or not there is an error of the PN pattern signal . 

Moreover, it is possible to evaluate and test the 
low-speed parallel output interface 10 by the following: 
inputting the PN pattern signal, which has been generated 
by the second pseudo-random pattern generator /detector 30, 
to an electric measuring instrument outside the 
demultiplexing integrated circuit 55 through the low-speed 
parallel output interface 10; and checking whether or not 
there is an error using the PN pattern signal detecting 
function of the electric measuring instrument, etc. 

When operating the demultiplexing integrated circuit 
55 normally, a data signal inputted to the demultiplexing 
integrated circuit 55 is passed through the second pseudo- 
random pattern generator/detector 30 without processing. 

As described above, according to the ninth 
embodiment, the demultiplexing integrated circuit 55 is 
configured to have the second pseudo-random pattern 
genera tor /detector 30 that is incorporated therein, it is 
possible to evaluate and test paths in the demultiplexing 
integrated circuit 55 individually. 

(Tenth Embodiment) 

Fig. 11 is a block diagram illustrating a 
configuration of an optical transceiver according to a 
tenth embodiment of the present invention. In Fig. 11, 
reference numeral 54 denotes the multiplexing integrated 
circuit shown in Fig. 9 according to the eighth embodiment; 
and 55 denotes the demultiplexing integrated circuit shown 
in Fig. 10 according to the ninth embodiment. Components, 
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which are similar to those shown in Fig. 1, are provided 
with similar reference numerals. Therefore, description of 
the components will be omitted. 

In this connection, operation is similar to that of 
the optical transceiver 1, which has been described in the 
first, and the third to seventh embodiments. Therefore, 
description of the operation will be omitted. 

As described above, according to the tenth 
embodiment, inside the multiplexing integrated circuit 54 
of the transmitting side path 6, the optical transceiver 1 
comprises the first pseudo-random pattern 
genera tor /detector 25; and inside the demultiplexing 
integrated circuit 55 of the receiving side path 11, the 
optical transceiver 1 comprises the second pseudo-random 
pattern generator/detector 30. Therefore, the following 
effects are exhibited: not only evaluation and testing of 
the whole optical transceiver 1, the transmitting side path 
6, and the receiving side path 11, but also evaluation and 
testing of individual parts, which are inside the optical 
transceiver 1, inside the multiplexing integrated circuit 
54, and inside the demultiplexing integrated circuit 55, 
become possible; and thus, a malfunction path can be 
identified when malfunction occurs in the optical 
transceiver 1 . 

Moreover, according to the tenth embodiment, if the 
first and the second integral pseudo-random pattern 
generators /detectors 51 and 52 are used, it is possible to 
realize the first and the second pseudo-random pattern 
generators/detectors 25 and 30 with a reduced circuit size. 
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Furthermore, according to the tenth embodiment, the 
PN pattern signal generating function and the PN pattern 
signal detecting function are simultaneously performed, 
which permits the first and the second pseudo-random 
5 pattern generators/detectors 25 and 30 to perform 
evaluation and testing of a plurality of paths 
simultaneously. This exhibits an effect of enabling 
efficient evaluation and testing of the optical transceiver 
1. 

10 

(Eleventh Embodiment) 

Fig. 12 is a block diagram illustrating a 
configuration of an integral multiplexing/demultiplexing 
integrated circuit according to an eleventh embodiment of 

15 the present invention. In Fig. 12, reference numeral 56 
denotes a multiplexing portion comprising the low-speed 
parallel input interface 2, the first pseudo-random pattern 
generator/detector 25, and the multiplexing circuit 3; 57 
denotes a demultiplexing portion comprising the 

20 demultiplexing circuit 8, the second pseudo-random pattern 
generator /detector 30, and the low-speed parallel output 
interface 10; and 58 denotes an integral 

multiplexing/demultiplexing integrated circuit (MUX/DEMUX 
IC) comprising the multiplexing department 56, and the 
215 multiplex separation department 57. Components, which are 
similar to those shown in Fig. 1, are provided with similar 
reference numerals. Description of the components will be 
omitted. 

Next, operation will be described. 
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It is possible to evaluate and test the low-speed 
parallel input interface 2 by inputting an PN pattern 
signal, which is inputted by an outside electric measuring 
instrument, etc. , to the first pseudo-random pattern 
generator/detector 25 through the low-speed parallel input 
interface 2, and checking whether or not there is an error 
of the PN pattern signal . 

In addition, it is possible to evaluate and test a 
path (the multiplexing portion 56 - the first loopback path 
31- the demultiplexing circuit 8) by the following: passing 
the inputted PN pattern signal through the first pseudo- 
random pattern generator/detector 25 without processing; 
inputting the PN pattern signal to the second pseudo-random 
pattern generator /detector 30 through the multiplexing 
circuit 3, the first loopback path 31, and the 
demultiplexing circuit 8; and checking whether or not there 
is an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the multiplexing portion 56 - the first loopback path 
31 - the demultiplexing portion 57) by the following: 
passing the inputted PN pattern signal through the first 
pseudo-random pattern generator/detector 25 without 
processing; inputting the PN pattern signal to the 
demultiplexing circuit 8 through the multiplexing circuit 3 
and the first loopback path 31; passing the PN pattern 
signal through the second pseudo -random pattern 
genera tor /detector 30 without processing; outputting the PN 
pattern signal to the outside electric measuring instrument, 
etc. from the low-speed parallel output interface 10; and 
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checking whether or not there is an error of the PN pattern 
signal using the PN pattern signal detecting function of 
the electric measuring instruments, etc. 

In addition, it is possible to evaluate and test the 
multiplexing circuit 3 by inputting the PN pattern signal, 
which has been generated by the first pseudo-random pattern 
generator/detector 25, to the outside electric measuring 
instrument, etc. through the multiplexing circuit 3, and 
checking whether or not there is an error of the PN pattern 
signal using the PN pattern signal detecting function of 
the electric measuring instrument, etc. 

In addition, it is possible to evaluate and test a 
path (the multiplexing circuit 3 - the first loopback path 
31 - the demultiplexing circuit 8) by inputting the PN 
pattern signal, which has been generated by the first 
pseudo-random pattern generator/detector 25, to the second 
pseudo-random pattern generator/detector 30 through the 
multiplexing circuit 3, the first loopback path 31, and the 
demultiplexing circuit 8, and checking whether or not there 
is an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the multiplexing circuit 3 - the first loopback path 
31 - the demultiplexing portion 57) by the following: 
inputting the PN pattern signal, which has been generated 
by the first pseudo-random pattern generator/detector 25, 
to the demultiplexing circuit 8 through the multiplexing 
circuit 3 and the first loopback path 31; passing the PN 
pattern signal through the second pseudo-random pattern 
genera tor /detector 30 without processing; outputting the PN 
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pattern signal to the outside electric measuring instrument, 
etc. from the low-speed parallel output interface 10; and 
checking whether or not there is an error of the PN pattern 
signal using the PN pattern signal detecting function of 

5 the electric measuring instrument, etc. 

In addition, it is possible to evaluate and test the 
low-speed parallel output interface 10 by outputting the PN 
pattern signal , which has been generated by the second 
pseudo-random pattern generator/detector 30, to the outside 

Id electric measuring instrument, etc. from the low-speed 

parallel output interface 10, and checking whether or not 
there is an error of the PN pattern signal using the PN 
pattern signal detecting function of the electric measuring 
instrument, etc. 

15 As described above, according to the eleventh 

embodiment, since the integral multiplexing/demultiplexing 
integrated circuit 58 is configured to have the first 
pseudo-random pattern generator /detector 25 and the second 
pseudo-random pattern generator /detector 30 that are 

20 incorporated therein, it is possible to evaluate and test 
paths inside the integral multiplexing/demultiplexing 
integrated circuit 58 individually. 

(Twelfth Embodiment) 
25 Fig. 13 is a block diagram illustrating a 

configuration of an optical transceiver according to a 
twelfth embodiment of the present invention. In Fig. 13, 
reference numeral 58 denotes an integral 

multiplexing/demultiplexing integrated circuit shown in Fig. 
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12 according to the eleventh embodiment. Components, which 
are similar to those shown in Fig- 1, are provided with 
similar reference numerals and description of the 
components will be omitted. 

Operation is similar to that of the optical 
transceiver 1 described in the first embodiment. Therefore, 
description of the operation will be omitted. 

As described above, according to the twelfth 
embodiment, in the transmitting side path 6 inside the 
integral multiplexing/demultiplexing integrated circuit 58, 
the optical transceiver 1 comprises the first pseudo-random 
pattern generator /detector 25; and in the receiving side 
path 11, the optical transceiver 1 comprises the second 
pseudo-random pattern generator/detector 30. Therefore, 
the following effects are exhibited: not only evaluation 
and testing of the whole optical transceiver 1, the 
transmitting side path 6, and the receiving side path 11, 
but also evaluation and testing of individual parts, which 
are inside the optical transceiver 1 and inside the 
integral multiplexing/demultiplexing integrated circuit 58, 
become possible; and thus, a malfunction path can be 
identified when malfunction occurs in the optical 
transceiver 1 . 

Moreover, according to the twelfth embodiment, if 
the first and the second integral pseudo-random pattern 
generators /detectors 51, 52 are used, the following effect 
is exhibited*: it is possible to realize the first and the 
second pseudo-random pattern generators /detectors 25 and 30 
with a reduced circuit size. 
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Furthermore, according to the twelfth embodiment, 
the PN pattern signal generating function and the PN 
pattern signal detecting function are simultaneously 
performed, which permits the first and the second pseudo- 
5 random pattern generators /detectors 25 and 30 to perform 
evaluation and testing of a plurality of paths 
simultaneously. This exhibits an effect of enabling 
efficient evaluation and testing of the optical transceiver 
1. 

10 

(Thirteenth Embodiment) 

Fig. 14 is a diagram illustrating a method for 
evaluating and testing an optical transceiver 1 according 
to a thirteenth embodiment of the present invention. A 
15 configuration of the optical transceiver 1 shown in Fig. 14 
is simplified for illustration. Parts common to those 
shown in Figs. 1, 19, and 22 are provided with similar 
reference numerals. Description of the parts will be 
omi tted . 

20 Next, operation will be described. 

Since operation of the optical transceiver 1 as a 

whole is similar to that shown in the first embodiment, 

description of the operation will be omitted. The PN 

pattern signal , which has been generated by the PN_G of the 

2J5 light measuring instrument 17 , is inputted to the light- 
est 

electricity converter 7 of the optical transceiver 1 
through the second optical fiber 16. It is possible to 
evaluate and test a path (the second optical fiber 16 - the 
light-electricity converter 7 - the electricity- light 
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converter 4 - the first optical fiber 15) by the following: 
through the second loopback path 32, inputting the PN 
pattern signal from the electricity-light converter 4 to 
the light measuring instrument 17 through the first optical 

5 fiber 15; and checking whether or not there is an error of 
the PN pattern signal using the PN_C of the light measuring 
instrument 17. 

It is possible to evaluate and test a path (the 
second optical fiber 16 - the receiving unit 9) by 

10 inputting the PN pattern signal, which has been generated 
by the PN_G of the light measuring instrument 17, to the 
second pseudo-random pattern genera tor/detector 30 through 
the demultiplexing circuit 8, and checking whether or not 
there is an error of the PN pattern signal . 

15 It is possible to evaluate and test a path (the 

second optical fiber 16 - the receiving side path 11 - 
loopback electric wiring 20 - the low-speed parallel input 
interface 2) by the following: passing the PN pattern 
signal , which has been generated by the PN_G of the light 

20 measuring instrument 17, through the second pseudo-random 
pattern genera tor /detector 30 without processing; 
outputting the PN pattern signal to the outside of the 
optical transceiver 1 once; inputting the PN pattern signal 
to the optical transceiver 1 through the loopback electric 

25 wiring 20 again; inputting the PN pattern signal to the 
first pseudo4random pattern generator /detector 25; and 
checking whether or not there is an error of the PN pattern 
signal . 

It is possible to evaluate and test a path (the 
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second optical fiber 16 - the receiving side path 11 - the 
loopback electric wiring 20 - the transmitting side path 6 
- the first optical fiber 15) , that is to say, the whole 
optical transceiver 1 including the optical fiber lines, 
5 the optical transceiver implemented substrate 12 by the 
following: passing the PN pattern signal, which has been 
generated by the PN_G of the light measuring instrument 17, 
through the second pseudo-random pattern generator/detector 
30 and the first pseudo-random pattern genera tor /detector 

10 25 without processing; inputting the PN pattern from the 
transmitting unit 5 to the light measuring instrument 17 
through the first optical fiber 15; and checking whether or 
not there is an error of the PN pattern signal using the 
PN_C of the light measuring instrument 17 . 

15 It is possible to evaluate and test a path (the low- 

speed parallel output interface 10 - the loopback electric 
wiring 20 - the low-speed parallel input interface 2) by 
the following: outputting the PN pattern signal, which has 
been generated by the second pseudo-random pattern 

20 generator/detector 30, to the outside of the optical 
transceiver 1; inputting the PN pattern signal to the 
optical transceiver 1 through the loopback electric wiring 
20 again; inputting the PN pattern signal to the first 
pseudo-random pattern generator/detector 25; and checking 

25 whether or not there is an error of the PN pattern signal. 



It is possible to evaluate and test a path (the low- 
s' 

speed parallel output interface 10 - the loopback electric 
wiring 20 - the low-speed parallel input interface 2 - the 
transmitting unit 5 - the first optical fiber 15) by the 
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following: passing the PN pattern signal, which has been 
generated by the second pseudo- random pattern 
generator/detector 30, through the first pseudo-random 
pattern genera tor /detector 25 without processing; inputting 
5 the PN pattern signal from the transmitting unit 5 to the 
light measuring instrument 17 through the first optical 
fiber 15; and checking whether or not there is an error of 
the PN pattern signal using the PN_C of the light measuring 
instrument 17. 

10 It is possible to evaluate and test a path (the 

transmitting unit 5 - the first optical fiber 15) by the 
following: inputting the PN pattern signal, which has been 
generated by the first pseudo-random pattern 
generator/detector 25, to the transmitting unit 5; 

15 inputting the PN pattern signal to the light measuring 
instrument 17 through the first optical fiber 15; and 
checking whether or not there is an error of the PN pattern 
signal using the PN_C of the light measuring instrument 17 . 
It is possible to evaluate and test a path (the 

20 multiplexing circuit 3 - the first loopback path 31 - the 
demultiplexing circuit 8) by the following: inputting the 
PN pattern signal, which has been generated by the first 
pseudo-random pattern genera tor/detector 25, to the 
multiplexing circuit 3; inputting the PN pattern signal to 

25 the second pseudo-random pattern generator/detector 30 

A* 

through the first loopback path 31 and the demultiplexing 
circuit 8; and checking whether or not there is an error of 
the PN pattern signal . 

As described above, according to the thirteenth 
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embodiment, it is possible to perform not only evaluation 
of the whole optical transceiver 1, the whole transmitting 
side path 6, and the whole receiving side path 11 but also 
individual evaluation and testing of each path, which is 
5 separated by the light measuring instrument 17 and the 
first and the second pseudo-random pattern 
generators/detectors 25 and 30 built into the optical 
transceiver 1. Therefore, it is possible to realize a 
method for evaluating and testing the optical transceiver 1, 
10 whereby, for example, if there is malfunction, a path 
having the malfunction can be identified. 

(Fourteenth Embodiment) 

As regards a diagram illustrating a method for 

15 evaluating and testing an optical transceiver according to 
a fourteenth embodiment of the present invention, the light 
measuring instrument 17 shown in Fig. 14 according to the 
thirteenth embodiment is replaced with another optical 
transceiver 1 that works normally. The transmitting unit 5 

20 of the optical transceiver 1, which is substituted for the 
light measuring instrument 17, is connected to the 
receiving unit 9 of the optical transceiver 1, which should 
be measured, through the second optical fiber 16. The 
transmitting unit 5 of the optical transceiver 1 to be 

25 measured is connected to the receiving unit 9 of the 

optical transceiver 1, which is substituted for the light 

't 

measuring instrument 17, through the first optical fiber 15. 

In addition, since description of operation is 
similar to that shown in the thirteenth embodiment, the 
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description will be omitted. 

As described above, according to the fourteenth 
embodiment, it is possible to perform not only evaluation 
of the whole optical transceiver 1, the whole transmitting 
5 side path 6, and the whole receiving side path 11 but also 
individual evaluation and testing of each path separated by 
the optical transceiver 1, which is substituted for the 
light measuring instrument 17, and the first and the second 
pseudo-random pattern generators /detectors 25 and 30 built 

10 into the optical transceiver 1 to be measured. Therefore, 
the following effect is exhibited: it is possible to 
realize a method for evaluating and testing the optical 
transceiver 1, whereby, for example, if there is 
malfunction, a path having the malfunction can be 

15 identified. 

Moreover, according to the fourteenth embodiment, by 
using another optical transceiver that works normally 
instead of the light measuring instrument 17, a method for 
evaluating and testing the optical transceiver 1 capable of 

20 miniaturizing an evaluation/ test system can be realized. 

(Fifteenth Embodiment) 

Fig. 15 is a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
25 a fifteenth embodiment of the present invention. A 

configuration of the optical transceiver 1 shown in Fig. 15 
is simplified for illustration. Parts common to those 
shown in Figs. 1, 19, and 21 are provided with similar 
reference numerals and description of the parts will be 
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omitted. 

Next, operation will be described. 

Since operation of" the optical transceiver 1 as a 
whole is similar to that shown in the first embodiment, 
description of the operation will be omitted. A PN pattern 
signal, which has been generated by the PN_G of the 
electric measuring instrument 18, is inputted to the low- 
speed parallel input interface 2 of the optical transceiver 
1 through the input electric wiring 13. It is possible to 
evaluate and test a path (the input electric wiring 13 - 
the low-speed parallel input interface 2) by inputting the 
PN pattern signal to the first pseudo-random pattern 
genera tor/detector 25, and checking whether or not there is 
an error of the PN pattern signal . 

In addition, it is possible to evaluate and test a 
path (the input electric wiring 13 - the low-speed parallel 
input interface 2 - the multiplexing circuit 3 - the first 
loopback path 31 - the demultiplexing circuit 8) by the 
following: passing the PN pattern signal, which has been 
generated by the PN_G of the electric measuring instrument 
18, through the first pseudo-random pattern 
genera tor /detector 25 without processing; inputting the PN 
pattern signal to the second pseudo-random pattern 
generator/detector 30 through the first loopback path 31; 
and checking whether or not there is an error of the PN 
pattern signal. 

In addition, it is possible to test and evaluate a 
path (the input electric wiring 13 - the low-speed parallel 
input interface 2 - the multiplexing circuit 3 - the first 
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loopback path 31 - the demultiplexing circuit 8 - the low- 
speed parallel output interface 10 - the output electric 
wiring 14) by the following: passing the PN pattern signal, 
which has been generated by the PN_G of the electric 
measuring instrument 18, through the first pseudo-random 
pattern generator/detector 25 without processing; passing 
the PN pattern signal through the first loopback path 31; 
passes the PN pattern signal through the second pseudo- 
random pattern generator/detector 30 without processing; 
inputting the PN pattern signal to the electric measuring 
instrument 18 through the output electric wiring 14; and 
checking whether or not there is an error of the PN pattern 
signal using the PN_C of the electric measuring instrument 
18. 

In addition, it is possible to evaluate and test a 
path (the input electric wiring 13 - the transmitting side 
path 6 - the loopback optical fiber 19 - the demultiplexing 
circuit 8) by the following: passing the PN pattern signal, 
which has been generated by the PN_G of the electric 
measuring instrument 18, through the first pseudo-random 
pattern genera tor /detector 25 without processing; 
outputting the PN pattern signal to the outside of the 
optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the optical transceiver 
1 again through the loopback optical fiber 19; inputting 
the PN pattern signal to the second pseudo-random pattern 
generator /detector 30; and checking whether or not there is 
an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 



path (the input electric wiring 13 - the transmitting side 
path 6 - the loopback optical fiber 19 - the receiving side 
path 11 - the output electric wiring 14) , that is to say, 
the whole optical transceiver 1 including the 
evaluation/test system and the optical transceiver 
implemented substrate 12 by the following: passing the PN 
pattern signal, which has been generated by the PN_G of the 
electric measuring instrument 18, through the first pseudo- 
random pattern genera tor /detector 25 without processing; 
passing the PN pattern signal through the loopback optical 
fiber 19; passing the PN pattern signal through the second 
pseudo-random pattern generator/detector 30 without 
processing; inputting the PN pattern signal to the electric 
measuring instrument 18 through the output electric wiring 
14; and checking whether or not there is an error of the PN 
pattern signal using the PN_C of the electric measuring 
instrument 18. 

In addition, it is possible to evaluate and test a 
path (the multiplexing circuit 3 - the first loopback path 
31 - the demultiplexing circuit 8) by the following: 
inputting the PN pattern signal, which has been generated 
by the first pseudo-random pattern generator /detector 25, 
to the second pseudo-random pattern generator/detector 30 
through the multiplexing circuit 3, the first loopback path 
31, and the demultiplexing circuit 8; and checking whether 
or not there J is an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the multiplexing circuit 3 - the first loopback path 
31 - the demultiplexing circuit 8 - the low- speed parallel 



output interface 10 - the output electric wiring 14) by the 
following: inputting the PN pattern signal, which has been 
generated by the first pseudo-random pattern 
generator/detector 25, to the demultiplexing circuit 8 
through the multiplexing circuit 3 and the first loopback 
path 31; passing the PN pattern signal through the second 
pseudo-random pattern generator/detector 30 without 
processing; inputting the PN pattern signal to the electric 
measuring instrument 18 through the output electric wiring 
14; and checking whether or not there is an error of the PN 
pattern signal using the PN_C of the electric measuring 
instrument 18. 

In addition, it is possible to evaluate and test a 
path (the transmitting unit 5 - the loopback optical fiber 
19 - the receiving unit 9) by the following: outputting the 
PN pattern signal, which has been generated by the first 
pseudo-random pattern genera tor /detector 25, to the outside 
of the optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the receiving unit 9 
again through the loopback optical fiber 19; inputting the 
PN pattern signal to the second pseudo-random pattern 
generator/detector 30; and checking whether or not there is 
an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the transmitting unit 5 - the loopback optical fiber 
19 - the receiving side path 11 - the output electric 
wiring 14) by the following: outputting the PN pattern 
signal , which has been generated by the first pseudo-random 
pattern generator/detector 25, to the outside of the 
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optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the receiving unit 9 
again through the loopback optical fiber 19; passing the PN 
pattern signal through the second pseudo-random pattern 
generator/detector 30 without processing; inputting the PN 
pattern signal to the electric measuring instrument 18 
through the output electric wiring 14; and checking whether 
or not there is an error of the PN pattern signal using the 
PN_C of the electric measuring instrument 18. 

In addition, it is possible to evaluate and test a 
path (the low-speed parallel output interface 10 - the 
output electric wiring 14) by the following: inputting the 
PN pattern signal, which has been generated by the second 
pseudo-random pattern generator/detector 30, to the 
electric measuring instrument 18 through the output 
electric wiring 14; and checking whether or not there is an 
error of the PN pattern signal using the PN_C of the 
electric measuring instrument 18. 

In addition, it is possible to evaluate and test a 
path (the low-speed parallel output interface 10 - the 
loopback electric wiring 20 - the low-speed parallel input 
interface 2) by the following: outputting the PN pattern 
signal, which has been generated by the second pseudo- 
random pattern generator/detector 30, from the low-speed 
parallel output interface 10; inputting the PN pattern 
signal to the first pseudo-random pattern 

generator/detector 25 through the loopback electric wiring 
20 and the low-speed parallel input interface 2; and 
checking whether or not there is an error of the PN pattern 



signal . 

As described above, according to the fifteenth 
embodiment, it is possible to perform not only evaluation 
of the whole optical transceiver 1, the whole transmitting 
side path 6, and the whole receiving side path 11 but also 
individual evaluation and testing of each path, which is 
separated by the electric measuring instrument 18 and the 
first and the second pseudo-random pattern 
generators/detectors 25 and 30 built into the optical 
transceiver 1. Therefore, it is possible to realize a 
method for evaluating and testing the optical transceiver 1, 
whereby, for example, if there is malfunction, a path 
having the malfunction can be identified. 

(Sixteenth Embodiment) 

As regards a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
a sixteenth embodiment of the present invention, the 
electric measuring instrument 18 shown in Fig. 15 according 
to the fifteenth embodiment is replaced with another 
optical transceiver 1 that works normally. The low-speed 
parallel output interface 10 of the optical transceiver 1, 
which is substituted for the electric measuring instrument 
18, is connected to the optical transceiver 1, which should 
be measured, through the input electric wiring 13. The 
low-speed parallel output interface 10 of the optical 
transceiver 1 to be measured is connected to the optical 
transceiver 1, which is substituted for the electric 
measuring instrument 18, through the output electric wiring 
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14. 

In addition, since description of operation is 
similar to that shown in the fifteenth embodiment, the 
description will be omitted. 

As described above, according to the sixteenth 
embodiment, it is possible to perform not only evaluation 
of the whole optical transceiver 1, the whole transmitting 
side path 6, and the whole receiving side path 11 but also 
individual evaluation and testing of each path separated by 
the optical transceiver 1, which is substituted for the 
electric measuring instrument 18, and the first and the 
second pseudo-random pattern generators/detectors 25 and 30 
built into the optical transceiver 1 to be measured. 
Therefore, it is possible to realize a method for 
evaluating and measuring the optical transceiver 1, whereby, 
for example, if there is malfunction, a path having the 
malfunction can be identified. 

Moreover, according to the sixteenth embodiment, by 
using another optical transceiver that works normally 
instead of the electric measuring instrument 18, the 
evaluation/ test system can be miniaturized. 

(Seventeenth Embodiment) 

Fig. 16 is a diagram illustrating a method for 
evaluating and testing an optical transceiver according to 
a seventeenth embodiment of the present invention. A 
configuration of the optical transceiver 1 shown in Fig. 16 
is simplified for illustration. Parts common to those 
shown in Figs. 1, 19, 21, and 22 are provided with similar 
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reference numerals and description of the parts will be 
omitted. 

Next, operation will be described. 

Since operation of the optical transceiver 1 as a 
whole is similar to that shown in the first embodiment, 
description of the operation will be omitted. It is 
possible to evaluate and test a path (the multiplexing 
circuit 3 - the first loopback path 31 - the demultiplexing 
circuit 8) by the following: inputting the PN pattern 
signal, which has been generated by the first pseudo-random 
pattern generator/detector 25, to the second pseudo-random 
pattern genera tor /detector 30 through the multiplexing 
circuit 3, the first loopback path 31, and the 
demultiplexing circuit 8; and checking whether or not there 
is an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the transmitting unit 5 - the loopback optical fiber 
19 - the receiving unit 9) by the following: outputting the 
PN pattern signal, which has been generated by the first 
pseudo-random pattern genera tor /detector 25, to the outside 
of the optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the receiving unit 9 
again through the loopback optical fiber 19; inputting the 
PN pattern signal to the second pseudo-random pattern 
generator /detector 30; and checking whether or not there is 
an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the transmitting unit 5 - the loopback optical fiber 
19 - the receiving side path 11 - the loopback electric 
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wiring 20 - the low-speed parallel input interface 2) , that 
is to say, the whole optical transceiver 1 including the 
evaluation/test system and the optical transceiver 
implemented substrate 12 by the following: outputting the 
PN pattern signal, which has been generated by the first 
pseudo-random pattern generator/detector 25, to the outside 
of the optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the receiving unit 9 
again through the loopback optical fiber 19; passing the PN 
pattern signal through the second pseudo-random pattern 
generator/detector 30 without processing; inputting the PN 
pattern signal to the low-speed parallel input interface 2 
through the output electric wiring 14; inputting the PN 
pattern signal to the first pseudo-random pattern 
genera tor /detector 25; and checking the PN pattern signal 
for a possible error. 

However, if the first pseudo-random pattern 
generator/detector 25 described in the fourth and fifth 
embodiments is used, one pseudo-random pattern 
genera tor/detector cannot generate and detect a pseudo- 
random pattern simultaneously. Therefore, it is not 
possible to evaluate and test a path (the transmitting unit 
5 - the loopback optical fiber 19 - the receiving side path 
11 - the loopback electric wiring 20 - the low-speed 
parallel input interface 2) . 

In addition, it is possible to evaluate and test a 
path (the low-speed parallel output interface 10 - the 
loopback electric wiring 20 - the low-speed parallel input 
interface 2) by the following: outputting the PN pattern 



signal, which has been generated by the second pseudo- 
random pattern generator /detector 30, from the low-speed 
parallel output interface 10; inputting the PN pattern 
signal to the low-speed parallel input interface 2 again 
through the loopback electric wiring 20; inputting the PN 
pattern signal to the first pseudo-random pattern 
generator/detector 25; and checking whether or not there is 
an error of the PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the low-speed parallel output interface 10 - the 
loopback electric wiring 20 - the low-speed parallel input 
interface 2 - the multiplexing circuit 3 - the first 
loopback path 31 - the demultiplexing circuit 8) by the 
following: inputting the PN pattern signal, which has been 
generated by the second pseudo-random pattern 
generator/detector 30, to the low-speed parallel input 
interface 2 through the loopback electric wiring 20; 
passing the PN pattern signal through the first pseudo- 
random pattern genera tor /detector 25 without processing; 
inputting the PN pattern signal to the second pseudo-random 
pattern genera tor /detector 30 through the multiplexing 
circuit 3, the first loopback path 31, and the 
demultiplexing circuit 8; and checking the PN pattern 
signal for a possible error. 

In addition, it is possible to evaluate and test a 
path (the loW-speed parallel output interface 10 - the 
loopback electric wiring 20 - the transmitting side path 6 
- the loopback optical fiber 19 - the receiving unit 9) , 
that is to say, the whole optical transceiver 1 including 
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the evaluation/ test system and the optical transceiver 
substrate 12 by the following: inputting the PN pattern 
signal, which has been generated by the second pseudo- 
random pattern generator/detector 30, to the low-speed 
parallel input interface 2 through the loopback electric 
wiring 20; passing the PN pattern signal through the first 
pseudo-random pattern generator /detector 25 without 
processing; outputting the PN pattern signal to the outside 
of the optical transceiver 1 from the transmitting unit 5; 
inputting the PN pattern signal to the receiving unit 9 
through the loopback optical fiber 19; inputting the PN 
pattern signal to the second pseudo-random pattern 
generator /detector 30; and checking whether or not there is 
an error of the PN pattern signal . 

However, if the second pseudo-random pattern 
generator/detector 30 described in the fourth and fifth 
embodiments is used, one pseudo-random pattern 
generator/detector cannot generate and detect a pseudo- 
random pattern simultaneously. Therefore, it is not 
possible to evaluate and test a path (the low-speed 
parallel output interface 10 - the loopback electric wiring 
20 - the low-speed parallel input interface 2 - the 
multiplexing circuit 3 - the first loopback path 31 - the 
demultiplexing circuit 8) or a path (the low-speed parallel 
output interface 10 - the loopback electric wiring 20 - the 
transmitting Iside path 6 - the loopback optical fiber 19 - 
the receiving unit 9) . 

As described above, according to the seventeenth 
embodiment, it is possible to perform not only evaluation 



of the whole optical transceiver 1, the whole transmitting 
side path 6, and the whole receiving side path 11 but also 
individual evaluation and testing of each path, which is 
separated by the first and the second pseudo-random pattern 
generators/detectors 25 and 30 built into the optical 
transceiver 1. Therefore, the following effect is 
exhibited: it is possible to realize a method for 
evaluating and testing the optical transceiver 1, whereby, 
for example, if there is malfunction, a path having the 
malfunction can be identified. 

Moreover, according to the seventeenth embodiment, 
because the optical transceiver 1, which is evaluated, can 
perform evaluation and testing singly for itself, an effect 
of achieving miniaturization of the evaluation/test system 
is exhibited. 

(Eighteenth Embodiment) 

Fig. 17 is a diagram illustrating a method for 
evaluating and testing an optical transceiver, and a method 
for evaluating and testing connection between the optical 
transceiver and a framer circuit, according to an 
eighteenth embodiment of the present invention. A 
configuration of the optical transceiver 1 shown in Fig. 17 
is simplified for illustration. Parts common to those 
shown in Figs. 1, 19, 21, and 22 are provided with similar 
reference numerals and description of the parts will be 
omitted. 1 

In Fig. 17, reference numeral 59 denotes a framer 
circuit that generates a frame pattern in a given format 
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for transmission and reception; 60 denotes a third loopback 
path that loops back from an input portion of the framer 
circuit 59 to an output portion; and 61 denotes an 
interface substrate for implementing and connecting the 
optical transceiver 1 and the framer circuit 59. The 
interface substrate 61 comprises an input electric wiring 
13 for a signal inputted to the optical transceiver 1; an 
output electric wiring 14; and a loopback electric wiring 
20 that loops back from the output electric wiring 14 to 
the input electric wiring 13. 

Next, operation will be described. 

Since evaluation and testing of the optical 
transceiver 1 as a unit are similar to those shown in the 
seventeenth embodiment, description of the evaluation and 
testing will be omitted. 

Next, evaluation and testing of connection between 
the framer circuit 59 and the optical transceiver 1 will be 
described. For example, if the framer circuit 59 has PN_G 
and PN_C, it is possible to evaluate and test a path (the 
framer circuit 59 - the input electric wiring 13 - the low- 
speed parallel input interface 2) by the following: 
inputting the PN pattern signal, which has been generated 
by the PN_G of the framer circuit 59, to the optical 
transceiver 1; and in the first pseudo-random pattern 
generator/detector 25, checking whether or not there is an 
error of the'PN pattern signal. 

In addition, it is possible to evaluate and test a 
path (the framer circuit 59 - the input electric wiring 13 
- the low-speed parallel input interface 2 - the 
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multiplexing circuit 3 - the first loopback path 31 - the 
demultiplexing circuit 8) by the following: passing the PN 
pattern signal, which has been generated by the PN_G of the 
framer circuit 59, through the first pseudo-random pattern 
5 generator/detector 25 without processing; through the 

multiplexing circuit 3, the first loopback path 31, and the 
demultiplexing circuit 8, and in the second pseudo-random 
pattern generator/detector 30, checking whether or not 
there is an error of the PN pattern signal. 

10 In addition, it is possible to evaluate and test a 

path (the framer circuit 59 - the input electric wiring 13 
- the low-speed parallel input interface 2 - the 
multiplexing circuit 3 - the first loopback path 31 - the 
demultiplexing circuit 8 - the low-speed parallel output 

15 interface 10 - the output electric wiring 14 - the framer 

circuit 59) by the following: passing the PN pattern signal, 
which has been generated by the PN_G of the framer circuit 
59, through the first pseudo-random pattern 
genera tor/detector 25 without processing; inputting the PN 

20 pattern signal to the demultiplexing circuit 8 through the 
multiplexing circuit 3 and the first loopback path 31; 
passing the PN pattern signal through the second pseudo- 
random pattern generator/detector 30 without processing; 
outputting the PN pattern signal from the optical 

25 transceiver 1; and checking whether or not there is an 

error of thejPN pattern signal using the PN_C of the framer 
circuit 59. * 

In addition, evaluation and testing can be performed 
using a path (the framer circuit 59 - the input electric 
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wiring 13 - the transmitting side path 6 - the loopback 
optical fiber 19 - the receiving side path 11 - the output 
electric wiring 14 - the framer circuit 59) by the 
following: passing the PN pattern signal, which has been 
generated by the PN_G of the framer circuit 59, through the 
first pseudo-random pattern generator/detector 25 without 
processing; inputting the PN pattern signal to the 
receiving unit 9 through the transmitting unit 5 and the 
loopback optical fiber 19; passing the PN pattern signal 
through the second pseudo-random pattern generator/detector 
30 without processing; outputting the PN pattern signal 
from the optical transceiver 1; and checking whether or not 
there is an error of the PN pattern signal using the PN_C 
of the framer circuit 59. 

Fig. 18 is a diagram illustrating a frame pattern 
generated by the framer circuit 59. For example, as shown 
in Fig. 18, if the framer circuit 59 builds a PN pattern 
signal into the frame pattern and generates and detects the 
frame pattern with the built-in PN pattern signal, the 
first and the second pseudo-random pattern 
generators /detectors 25 and 30, which are built into the 
optical transceiver 1, cannot perform detection. Because 
of it, the frame pattern with the built-in PN pattern 
signal is passed through the first pseudo-random pattern 
genera tor/detector 25 and the second pseudo-random pattern 
generator/detector 30 without processing before the frame 
pattern with^the built-in PN pattern signal is evaluated 
and tested. 

In other words, by passing the frame pattern through 
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the loopback optical fiber 19 or the first loopback path 31, 
evaluation and testing can be performed using a path (the 
framer circuit 59 - the input electric wiring 13 - the low- 
speed parallel input interface 2 - the multiplexing circuit 
3 - the first loopback path 31 - the demultiplexing circuit 
8 - the low-speed parallel output interface 10 - the output 
electric wiring 14 - the framer circuit 59) , or a path (the 
framer circuit 59 - the input electric wiring 13 - the 
transmitting side path 6 - the loopback optical fiber 19 - 
the receiving side path 11 - the output electric wiring 14 
- the framer circuit 59) . 

In addition, if the framer circuit 59 does not have 
PN_G and PN_C, it is possible to evaluate and test a path 
(the low-speed parallel output interface 10 - the output 
electric wiring 14 - the third loopback path 60 in the 
framer circuit 59 - the input electric wiring 13 - the low- 
speed parallel input interface 2) by the following: 
inputting the PN pattern signal, which has been generated 
by the second pseudo-random pattern genera tor/detector 30, 
to the framer circuit 59 through the output electric wiring 
14; inputting the PN pattern signal to the optical 
transceiver 1 again through the third loopback path 60 and 
the input electric wiring 13; and in the first pseudo- 
random pattern generator/detector 25, checking whether or 
not there is an error of the PN pattern signal . 

As described above, according to the eighteenth 
embodiment, it is possible to perform not only evaluation 
of the whole optical transceiver 1, the whole transmitting 
side path 6, and the whole receiving side path 11 but also 
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individual evaluation and testing of each path, which is 
separated by the framer circuit 59 and the first and the 
second pseudo-random pattern generators /detectors 25 and 30 
built into the optical transceiver 1. Therefore, the 
following effect is exhibited: it is possible to realize a 
method for evaluating and testing the optical transceiver 1 
whereby, for example, if there is malfunction, a path 
having the malfunction can be identified. 

Moreover, according to the eighteenth embodiment, 
since the optical transceiver 1, which is evaluated, can 
perform evaluation and testing singly for itself, an effect 
of achieving miniaturization of the evaluation/test system 
is exhibited. 

In addition, according to the eighteenth embodiment, 
since the framer circuit 59 is connected, the following 
effect is exhibited: connection between the framer circuit 
59 and the optical transceiver 1 can be evaluated and 
tested simultaneously. 

As described above, according to the present 
invention, in the transmitting side path, the optical 
transceiver comprises the first pseudo-random pattern 
generator and the first pseudo-random pattern detector. In 
the receiving side path, the optical transceiver comprises 
the second pseudo-random pattern generator and the second 
pseudo-random pattern detector. In addition to them, the 
optical transceiver comprises the first loopback path that 
transmits a pseudo-random pattern signal from the 
transmitting side path to the receiving side path; and the 
second loopback path that transmits a pseudo-random pattern 
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signal from the receiving side path to the transmitting 
side path. Therefore, the following effects are exhibited: 
not only evaluation and testing of the whole optical 
transceiver, the transmitting side path, and the receiving 
side path, but also evaluation and testing of individual 
parts inside the optical transceiver become possible; and 
this enables identification of a malfunction path if 
malfunction occurs in the optical transceiver. 

According to the present invention, in the 
transmitting side path, the optical transceiver comprises 
the first selector that selects an electric signal from the 
input interface or a pseudo-random pattern signal from the 
first pseudo-random pattern generator, and that outputs the 
electric signal or the pseudo-random pattern signal to the 
first pseudo-random pattern detector; and in the receiving 
side path, the optical transceiver comprises the second 
selector that selects an electric signal from the 
demultiplexing circuit or a pseudo-random pattern signal 
from the second pseudo-random pattern generator, and that 
outputs the electric signal or the pseudo-random pattern 
signal to the second pseudo-random pattern detector. 
Therefore, the following effects are exhibited: not only 
evaluation and testing of the whole optical transceiver, 
the transmitting side path, and the receiving side path, 
but also evaluation and testing of individual parts inside 
the optical transceiver become possible; and this enables 
identification of a malfunction path if malfunction occurs 
in the optical transceiver. 

According to the present invention, in the 
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transmitting side path, the optical transceiver comprises 
the first selector that selects an electric signal from the 
input interface or a pseudo-random pattern signal from the 
first pseudo-random pattern generator; and the third 
5 selector that selects the electric signal from the input 
interface or an output of the first selector, and that 
outputs the electric signal or the output of the first 
selector to the first pseudo-random pattern detector. In 
the receiving side path, the optical transceiver comprises 

to the second selector that selects an electric signal from 
the demultiplexing circuit or a pseudo-random pattern 
signal from the second pseudo-random pattern generator; and 
the fourth selector that selects the electric signal from 
the demultiplexing circuit or an output of the second 

15 selector, and that outputs the electric signal or the 

output of the second selector to the second pseudo-random 
pattern detector. Therefore, the following effects are 
exhibited: not only evaluation and testing of the whole 
optical transceiver, the transmitting side path, and the 

20 receiving side path, but also evaluation and testing of 
individual parts inside the optical transceiver become 
possible; this enables identification of a malfunction path 
if malfunction occurs in the optical transceiver; and this 
also enables selection as to whether or not the first 

25 selector and the second selector should be included in a 
path to be evaluated. 

According to the present invention, the first 
integral pseudo-random pattern generator/detector is 
configured as one circuit comprising the first pseudo- 
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random pattern generator and the first pseudo-random 
pattern detector; and the second integral pseudo-random 
pattern genera tor /detector is configured as one circuit 
comprising the second pseudo-random pattern generator and 
the second pseudo-random pattern detector. Therefore, an 
effect of realizing the optical transceiver with a reduced 
circuit size and low power consumption is exhibited. 

According to the present invention, the first and 
the second integral pseudo-random pattern 

generators/detectors input a pseudo-random pattern signal, 
which has been inputted, as an initial value to generate a 
pseudo-random pattern signal for error detection and 
comparison. Pseudo-random pattern detection is performed 
by comparing the generated pseudo-random pattern signal for 
error detection and comparison with the inputted pseudo- 
random pattern signal. Pseudo-random pattern generation is 
performed by generating a pseudo-random pattern signal 
using a given initialization signal, or by generating the 
pseudo-random pattern signal by inputting the inputted 
pseudo-random pattern signal as an initial value. 
Therefore, effects of reducing a circuit size and achieving 
low power consumption are exhibited. 

According to the present invention, the input 
interface, the first pseudo-random pattern generator, the 
first pseudo-random pattern detector, and the multiplexing 
circuit are integrated into the multiplexing integrated 
circuit; and" the demultiplexing circuit, the second pseudo- 
random pattern generator, the second pseudo-random pattern 
detector, and the output interface are integrated into the 
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demultiplexing integrated circuit. Therefore, the 
following effects are exhibited: not only evaluation and 
testing of the whole optical transceiver, the transmitting 
side path, and the receiving side path, but also evaluation 
and testing of individual parts inside the optical 
transceiver, inside the multiplexing integrated circuit, 
and inside the demultiplexing integrated circuit become 
possible; and this enables identification of a malfunction 
path if malfunction occurs in the optical transceiver. 

According to the present invention, the input 
interface, the first pseudo-random pattern generator, the 
first pseudo-random pattern detector, the multiplexing 
circuit, the demultiplexing circuit, the second pseudo- 
random pattern generator, the second pseudo-random pattern 
detector, the output interface, and the first loopback path 
are integrated into one unit to constitute the integral 
multiplexing/demultiplexing integrated circuit. Therefore, 
the following effects are exhibited: not only evaluation 
and testing of the whole optical transceiver, the 
transmitting side path, and the receiving side path, but 
also evaluation and testing of individual parts inside the 
optical transceiver, and inside the integral 
multiplexing/demultiplexing integrated circuit become 
possible; and this enables identification of a malfunction 
path if malfunction occurs in the optical transceiver. 

According to the present invention, the multiplexing 
integrated circuit comprises the input interface, the 
multiplexing circuit, the pseudo-random pattern generator, 
and the pseudo-random pattern detector. Therefore, the 
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following effect is exhibited: it is possible to evaluate 
and test paths inside the multiplexing integrated circuit 
individually . 

According to the present invention, the integral 
pseudo-random pattern genera tor /detector is configured as 
one circuit comprising the pseudo-random pattern generator 
and the pseudo-random pattern detector, which are in the 
multiplexing integrated circuit. Therefore, effects of 
reducing a circuit size and achieving low power consumption 
are exhibited. 

According to the present invention, the 
demultiplexing integrated circuit comprises the 
demultiplexing circuit, the output interface, the pseudo- 
random pattern generator, and the pseudo-random pattern 
detector. Therefore, it is possible to evaluate and test 
paths inside the demultiplexing integrated circuit 
individually. 

According to the present invention, the integral 
pseudo-random pattern genera tor /detector is configured as 
one circuit comprising the pseudo-random pattern generator 
and the pseudo-random pattern detector, which are in the 
demultiplexing integrated circuit. Therefore, effects of 
reducing a circuit size and achieving low power consumption 
are exhibited. 

According to the present invention, the integral 
multiplexing/demultiplexing integrated circuit comprises: 
the multiplexing portion comprising the input interface, 
the multiplexing circuit, the first pseudo-random pattern 
generator, and the first pseudo-random pattern detector; 
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the demultiplexing portion comprising the demultiplexing 
circuit, the output interface, the second pseudo-random 
pattern generator, and the second pseudo-random pattern 
detector; the loopback path that transmits the pseudo- 
random pattern signal from the multiplexing circuit to the 
demultiplexing circuit. Therefore, it is possible to 
evaluate and test paths inside the integral 

multiplexing/demultiplexing integrated circuit individually. 

According to the present invention, the first 
integral pseudo-random pattern generator/detector is 
configured as one circuit comprising the first pseudo- 
random pattern generator and the first pseudo-random 
pattern detector, which are in the integral 
multiplexing/demultiplexing integrated circuit; and the 
second integral pseudo-random pattern genera tor /detector is 
configured as one circuit comprising the second pseudo- 
random pattern generator and the second pseudo-random 
pattern detector. Therefore, effects of reducing a circuit 
size and achieving low power consumption are exhibited. 

According to the present invention, in a method for 
evaluating and testing an optical transceiver, the optical 
transceiver comprising: 

a transmitting side path comprising a first pseudo- 
random pattern generator, and a first pseudo-random pattern 
detector ; 

a receiving side path comprising a second pseudo-random 
pattern generator, and a second pseudo-random pattern 
detector ; 

a first loopback path, which transmits a pseudo-random 



pattern signal from the transmitting side path to the 
receiving side path; and 

a second loopback path, which transmits a pseudo-random 
pattern signal from the receiving side path to the 
transmitting side path; 

the method for evaluating and testing the optical 
transceiver is characterized by the following: 

the optical transceiver is placed on an implementation 
substrate; 

a loopback electric wiring is placed on the 
implementation substrate so as to loop back from an output 
electric wiring on the implementation substrate, which is 
connected to an output interface, to an input electric 
wiring on the implementation substrate, which is connected 
to an input interface; 

an output of an electricity-light converter is 
connected to an outside pseudo-random pattern detecting 
function through a first optical fiber; and 

an input of a light-electricity converter is connected 
to an outside pseudo-random pattern generating function 
through a second optical fiber. 

Therefore, the following effects are exhibited: it 
is possible to perform not only evaluation of the whole 
optical transceiver, the whole transmitting side path, and 
the whole receiving side path, but also individual 
evaluation and testing of each path, which is separated by 
the outside pseudo-random pattern detecting function, the 
pseudo-random pattern generating function, and the first 
and the second pseudo-random pattern generators/detectors 
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built into the optical transceiver; whereby a path, in 
which malfunction has occurred, can be identified. 

According to the present invention, using another 
optical transceiver, which works normally, as an outside 
5 pseudo-random pattern detecting function and a pseudo- 
random pattern generating function exhibits an effect of 
realizing a method for evaluating and testing the optical 
transceiver by which an evaluation/test system can be 
miniaturized. 

10 According to the present invention, in a method for 

evaluating and testing an optical transceiver, the optical 
transceiver compri sing : 

a transmitting side path comprising a first pseudo- 
random pattern generator, and a first pseudo-random pattern 

15 detector; 

a receiving side path comprising a second pseudo-random 
pattern generator, and a second pseudo-random pattern 
detector ; and 

a loopback path that transmits a pseudo-random pattern 
20 signal from a multiplexing circuit of the transmitting side 
path to a demultiplexing circuit of the receiving side 
path; 

the method for evaluating and testing the optical 
transceiver is characterized by the following: 
25 the optical transceiver is placed on an implementation 

substrate; !, 

a loopback electric wiring is placed on the 
implementation substrate so as to loop back from an output 
electric wiring on the implementation substrate, which is 
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connected to an output interface, to an input electric 
wiring on the implementation substrate, which is connected 
to an input interface; 

a loopback optical fiber, which is used for 
transmitting a pseudo-random pattern signal from a first 
optical fiber connected to an output of an electricity- 
light converter to a second optical fiber connected to an 
input of a light-electricity converter, is connected; 

the input electric wiring on the implementation 
substrate is connected to an outside pseudo-random pattern 
generating function; and 

the output electric wiring on the implementation 
substrate is connected to an outside pseudo-random pattern 
detecting function. 

Therefore, the following effects are exhibited: it 
is possible to perform not only evaluation of the whole 
optical transceiver, the whole transmitting side path, and 
the whole receiving side path, but also individual 
evaluation and testing of each path, which is separated by 
the outside pseudo-random pattern generating function, the 
pseudo-random pattern detecting function, and the first and 
the second pseudo-random pattern generators /detectors built 
into the optical transceiver; whereby it is possible to 
realize a method for evaluating and measuring the optical 
transceiver. Consequently, a path where malfunction occurs 
can be identified. 

According to the present invention, by using another 
optical transceiver, which works normally, as an outside 
pseudo-random pattern detecting function and a pseudo- 
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random pattern generating function, an effect of achieving 
miniaturization of an evaluation/ test system can be 
exhibited. 

According to the present invention, in a method for 
evaluating and testing an optical transceiver, the optical 
transceiver comprising: 

a transmitting side path comprising a first pseudo- 
random pattern generator, and a first pseudo-random pattern 
detector ; 

a receiving side path comprising a second pseudo-random 
pattern generator, and a second pseudo-random pattern 
detector ; and 

a loopback path that transmits a pseudo-random pattern 
signal from a multiplexing circuit of the transmitting side 
path to a demultiplexing circuit of the receiving side 
path; 

the method for evaluating and testing the optical 
transceiver is characterized by the following: 

the optical transceiver is placed on an implementation 
substrate; 

a loopback electric wiring is placed on the 
implementation substrate so as to loop back from an output 
electric wiring on the implementation substrate, which is 
connected to an output interface, to an input electric 

wiring on the implementation substrate, which is connected 

-An. 

to an input interface; and 

a loopback optical fiber, which is used for 
transmitting a pseudo-random pattern signal from a first 
optical fiber connected to an output of an electricity- 
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light converter to a second optical fiber connected to an 
input of a light-electricity converter, is connected. 

Therefore, the following effects are exhibited: it 
is possible to perform not only evaluation of the whole 
optical transceiver, the whole transmitting side path, and 
the whole receiving side path, but also individual 
evaluation and testing of each path, which is separated by 
the first and the second pseudo-random pattern 
generators/detectors built into the optical transceiver; 
whereby it is possible to realize a method for evaluating 
and measuring the optical transceiver. Consequently, a 
path where malfunction occurs can be identified; in 
addition, since the optical transceiver, which is evaluated, 
can perform evaluation and testing singly for itself, it is 
possible to achieve miniaturization of an evaluation/test 
system. 

According to the present invention, the pseudo- 
random pattern generating function of the framer circuit is 
connected to the input electric wiring; and the pseudo- 
random pattern detecting function of the framer circuit is 
connected to the output electric wiring. Therefore, the 
following effects are exhibited: it is possible to perform 
not only evaluation of the whole optical transceiver, the 
whole transmitting side path, and the whole receiving side 
path, but also individual evaluation and testing of each 
path, which is separated by the framer circuit and the 
first and the second pseudo-random pattern 
generators/detectors built into the optical transceiver: 
whereby, it is possible to realize a method for evaluating 
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and measuring the optical transceiver. Consequently, a 
path where malfunction occurs can be identified, and in 
addition, connection between the framer circuit and the 
optical transceiver can be evaluated and tested 
simul taneously . 



